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Navy Lasers, Railgun, and Gun  -Launched Guided Projectile
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projectdtlrk@adg(uHWP)substantially improve the abilit
t hemsaed aviersst surface craft, unmanned haerial vehi
cruise missiles (ASCMs) .

Any one of these three new weapons, if successf.
asfigame cHaomgaref endi ng MNavnysts uernfeartye nsi hsispisl easg and
or three of them are successfully developed and
a game changer, but a revolution. Rarely has t he
sur fsdé gwediemses wedarmpudnt aneously available for deve
depl oyment .

The issue for Congress is whetstheguisi appnosgeéy at e
anfdundi ngforeqlhestest hr ee ELotngkttsesl sheiwssveapbhss
could affect f ua mfduen dNanvgy rceagpuaibrielmetnitess and t he de

This report supersedes an earlier CRS report the
shi pboa2Acolt heer RS arpovenmicowitdtast egi ¢ and budg
cont ewhtitchhe programs coavnadt éedri Natvpnapr bgp @mts
consiidered
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Hi gghner gy( HEl=xsse)d sr arlegbes$s ng devel opeice Dye praulttnmiemlte
of Debéenset (j ustfHEBLwe i NgwghsGiPave potenti al applic
military aircraft andodgr ¢ wrsdA nfSeSrlEHRBR e gdin p e nt
GL GPo ubled u smedr ff onrims ogtomesrd etf magmann ssi | es, UAVs, anc
sur f aclen cpraafftairc alh&r Navy ,&8 MRGMapruchwdihdeo Npgy wi t h a
new naval surface fire support (NSFS) weapon for

other friendl y Tghiosu nrde pfooitopefso fcdusshredsrSed.ine EdM&KGe | o p
an@LGPor potiemtd eafNeavgiesgrdgaedrnshi osd mi ssil es.

1 Railgun is also spelled as rail gun; EMRGiso abbreviated as EM railgun.

2 CRS Report R4152@yavy Shipboard Lasers for Surface, Air, and Missile DefeBaekground and Issues for
Congressby Ronald O'RourkeThis earlier CRS report has been archived and remains available as a supplementa
reference source on potentiah¥Wy shipboard lasers.

3 CRS Report RL3266%avy Force Structure and Shipbuilding Plans: Background and Issues for Carlgyess
Ronald O'RourkeSee als&€RS Report R4383&enewed Great Power Comitien: Implications for Defens® Issues
for Congressby Ronald O'RourkeandCRS Report R44891).S. Role in the World: Background and Issues for
Congressby Ronald O'Rourke and Michael Moodie

4 Fora discussion of Army laser development programsCét® Report R45098).S. Army WeaporRelated
Directed Energy (DE) Programs: Background and Potential Issues for Congnessidrew Feickert
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of mi,s dimagd sadlivancemrddamgdee InwA¥Sroncefrn about this |
hassbadsetoenddhat t e sNiarviyac @ miylegne 5y hithn need t o
avoid operating in waters torhatthatr et hwaetéhd \nty or minglet
move tadwdrfera&ndi satnrdil beetteedat bht t eet uese | ess on | a
ships and moserémacemmibh psadn d eshd R&Ersspesti ves on
whet her it would be omnstt heef fpecotciuvres nem ts ppenrdd onpoerr e
sur f acme gshhti ppse i nfl uenceushiypyi eavs adeghat dley de-
t helmgesnsatgaeinemy mi ssiles and UAVs.
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Two key Itihmatt aNad wy gswrrrfleaactedl gsfhe ndi ng t hemsel ves ag
mi ssil esadaedni WAeWs dept h of magazine bandtiuesfilavor a
depth of fmeagaziorhdddineg fawnf ace shigs cEMmBsUudessur f
SAMs) ahos® hWeapdcn System (sCHoMSt)o ndoaytnai ncge rgtuani sn t

number ofi sesndmysbanmu wWmiysg of SAMs and® &1 WS ammun
situ(a@mean mefgod algl &vibh baescan require a ship to w
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5 These mclude the following: operating ships in ways that make it hard for others to detect and accurately track Navy
ships jamming or destroying enemy targeting sensimterfering withthe transmission of targeting data from sensors

to weapon launcherattadking missilelaunchers (which cabeland-based launcherships, submarines, or aircraft)

and counteringnissiles and UAVs headed toward Navy shiavy measures for counteringjssiles and UAVs

headed toward Navy ships include the following: jammimgias s 1 e @AV 6 s gudancessystenysing

decoys of various kind® lure enemy missiles away from Navy shigsd shooting down enemy missiles and UAVs

with surfaceto-air missiles and the Phalanx CldseWeapon System (CIWS), which is essdhtia radarcontrolled

Gatling gun Employing all theseneasures reflest longstanding Navy approach of creating a mldtiered defense
against enemy missiles, and of attacking tbthancesafemyds Aki | |
breaking the chair(The kill chain is the sequence of steps that an enemy must complete to conduct a successful missile
attack on a Navy ship. Interfering with astgp in the sequencan break the kill chain and thereby prevent or defeat
theattack.)

SFor mo r e o rshiphfissilasaadddJAE s€RS Report RL3315% hina Naval Modernization:

Implications for U.S. Navy Capabilit@Background and Issues for Congrelsg Ronald O'Roux Enemy missiles

are not the only reasons that some observers are concerned about the future survivability of U.S. Navy surface ships in
combat situations; observers are also concerned about threats to U.S. Navy surface ships posed by small boats, mines
and torpedoes.

7 For additional discussion, s&RS Report RL32663avy Force Structure and Shipbuilding Plans: Background and
Issues for Congresbdy Ronald O'Rourke

8 Navy cruisers have 122 missitells; Navy destroyers have 90 or 96 missile cells. Some of these cells are used for
storing and launching Tomahawk land attack cruise missiles esidntiarine rockets. The remaindee available for
storing and launching SAMs. A Navy cruiser or degér might thus be armed with a few dozen or several dozen
SAMs for counteringnissiles and UAVsCounteringmissiles and UAVsvith SAMs might sometimes require

shooting two SAMs at ea@memy missile
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spa@nti me tr aweellloibndge atgo oan s(awheé ch can aedhundreds
then spend more time traveling back to the batt]l

Unf avorable cost exchaaSgheMisieia b6 h o st andibsesni Iteo otrh e f ¢
UAM amost the Navy more (peéehhapstmecoltmohe) atdoepr
or acgmiigeiUA¥Reorc ur e mé oNfa vayimetf e nser amgesifleem

sever al hundred t houws dmeidV Idiodn ad sk lpaeds prp sdii mons ¢ ol
t he Itry peambatagsadmrasidvreiaossar y wi t h md slsiitthfeVse dnnumber
unf avorabl e cost exclharrg@a sreati it o dNeeavrey s bsdah a codrespy teaambdl
preswendgypendaimage t o BNiaw y ogntbiagf sceaamobgoiang

capabdomp e taigtaii o) rstarcyh  atsh tmiamaiss si IUAYs @ da

capacity for building or acquiriatgi onangn moe €9 ma r
very eRdpagotieret i al | da pprad o colr dtaabviyee s entdaog &HNhi ps
mi ssi [UAY,s apnadr tiinc il arolnt ext of constraints on U.S.
competing demands for finite U.S. defense funds.

SSLBMRG, Gh G6é&f fapot enti al for dramatically i mprovi
cost exchange ratio

T Depth of 9lg®zehectrically powered, drawing t
t he Gs hoivper al | electrical supply, and can be f
|l onghéeéasss@dmnti nues to work and the ship has f ue
EMRG pr 9g ndad tGskelaen b eb ys ttohree dhaNmdirye cssur f ac e
sh&weapon magazi ne.

T Cost exch@Amg®8Skatcamabeaf gri edelsfso otshtanofone
doftl per shot (which is the cost of the fuel |
used i n t hGL GRemto)rhtdavetisiytliemmai edpr ocur ement cost
in 2G1&bsp0B0%$8

Hi emergy SSLs that have nough UA¥Ya3m pboawemoto co

e
enough to counter missiles, c@Guladimhevgrthohelcosunti
mi ssiles by permitting the ship to use fewer of
for countering missiled.r®idminlicanmlpyw,wdeewre ng utnhso urg hg
be abl e atng hé¢ u mtaed ASBIYe thMiesywidewl d i n&i rectly in
ability to counter ASBMs by permitting the ship
and more ofcoiutnst eXA Msg fAOSIB Ms .

~ ~ -

200PEwW2U0EUl w+EUIl UUwp22+UA

avy in reeeedgst i garabdivhbaansctelime d t § Sdamadl
ades of resear chmialnititassdegviisgo 6 ppeae ntts vod r kD ODn

9 The missile cells on a Navy cruiser or destroyeesciustered together in an installation called a Vertical Launch
System (VLS). VLS cells cannot be reloaded while the ship is underway; a ship needs to return to a port or a calm
anchorage to reload its VLS.

10 Sources for cost figure for GLGP: Sydney kfeedber g Jr ., 1fi$86, 000 + 5,600 MPH = Hy|
De f e BeakingDefense January 26, 2018; Jared Kell er, AThe U. S. Mi |
Mach Si x ( wi t h National InMredtFebruarg 3, g0&8. , o
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makseubstanti al progr eesnse Bt§okowa r Navye ps N myge hs gihp s
surface shipgdne®@lishi ¢t $@dithmi f@ro( i édeanz zalkii nngg
intelligence, surveill ande,r amd mbhdcbamthsi ssance
UAV,anmgot enitni atlhley f ut ueaefygr ncse atitdtlgdm e B G S on

Navy s higpesn evoau lbdjaonrgte i gdevvedphry ogwmndodalUhyer
targetsanges of pabbapsgmefeemw.lumil i ®s

In addition to a | ow margipat enbdb al psehd vpabhobatrgda s d o
| asienrcsl ude fast engagement times, massabiebity to

abilityptrecesnaouwmcte ragna qaebmd i tt gy, gt & duusaet el da sreerssp of nosre ¢
ranging from detecting and moniPootreinntgi atlarlgientist attc
obhipboarrdl|l dtaenetrawmf sight; atmospheric absorptio

wWhich ehepkboar dml bsweaagt thd rls); avre agfofne ctt h kmmavin  as
bl oomhag can reduc;eoluasseartiuaripd tejpdors vathtéaecskasd ver sar )
usehaorfdened target samddr icolk nd fe r,ana ladsabtruedkssanha gdea ntaog e
aircraft anmr manedtl idamage, tion dluumhifirhge gkelsii mgditn g
potential advantages and | i niheptpieamns xare di scuss

$SEU@DIYUWOXOI OU
Ear teiveerl o p me rt thé&e fNfaovryt s hti e@ ndees\gdil ompl ude the foll owi

T Between 2009 asdc2et2fkcatefwotNatvype SSL call ed
Laser WeapgdmVWwsyait @bAV s i ne mg asgea nheanst sb © o k
pl dmd toinadndy and s uwblagguehilhWsdahae a.
reported beam powésr of 30 kilowatts (kWw).

1T Between 2010 and 2011, the Navy tested anot hi
Mar i Lamer Demonsitmad i 9er i(eML DQfwitelsts that cul
MLD installed on a gNarmayg ssnmuailpg sbhwcacessfully en

T I'n August 2014, tSbd hNaRQYNH mrsa nad uecde dl apd n
SA¥W)a converted amphe@inotahesltPiepsti aamt Gapér ats a
interim Afloat ForwadtdoStagdwngt Basal ( AtFSBH | ¢ f
shipboard | asers in an operational setting a:
UAV@Ei gaa eli g @)r e

T In December 2014,aWshne R timtv® hiepcd raadteido n al
systePmncemai ned in the ReerlsiieveepdGeitmbeunt i | it

1n discussins of potential Navy shipboard lasers, a kéglergy laser is generally considered to be a laser with a

beam power of at least 10 kilowatts (kW). In addition to developing SSLs, the Navy has also performed research and
development work on a different kirod laser, called the free electron laser (FEL). For background information on the
FEL, seeCRS Report R4152®avy Shipboard Lasers for Surface, Air, and Missile Defense: Background and Issues
for Congressby Ronald O'Rourke

2see, for exampl e, Mi ke McCaBakbed iihkaeJefedsamDalyBacdmberd 0To Use
11, 2014: 3.

B3 As aninterim AFSBPonceo per at ed in the Persian Gulf as baat imother ship
operations. Ships referred to as AFSBs are now referred to as Expeditionary Sea Base ships (ESBSs).

“Mi ke McCarthy, MANavyBAs¢ ok a g edifedfaDaifBeeamisehlil014: 3; Sam
LaGrone, AU.S. Navyg @Gul bDwkds ¢ dSNUewsD&enther ti052014pPhilip Ewing,
ANavy Decl ar es L as e PolitePaopRraDeférOgpRepodPecenberd 0, 20849 Statement of
Rear Admiral Mathias W. Winter, United States Navy, Chief of Naval RdseBefore the Emerging Threats and
Capabilities Subcommittee of the House Armed Services Committee on The Fiscal Year 2017 Budget Request,
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20b%F ts repl aeccvemantrutheoseBxpedshipnary
LewiRBulBl.E®8BP.onrcet urned to the United States a
decommi ssi oned iant Qwhtiocbhe rpo2Onlt7 LaWS was remov
PonteWsSs to be refurbbabed tesstermsaseceasfarl aime
HELI OS effort®™di scussed bel ow.

Figure 1.LaserWeapon System (LaWS) on USS Ponce

Source: Navy photograph dated November Histricl2dpINadyy accompanyi ng
Shipboard Laser Operates in Arabian GufavyNews ServicBecember 10, 2014, accessed August 12, 2015, at
http://www.navy.milist_all.asp@=84805

"UUUI OUw#1 YI OOxOl OUw1 OEEOQE x

The Navy is currently develfopi tpu3les iwmigt s uirrhprcc
UAVs, and eventually a capability for -countering
capable | asers include

T the Solid State LaserT Mecefnfodrotg;y Maturati on |
T the Optical Dazzling Interdictor, Navy (ODI N

T the Surface Navy Laser Weapon System ( SNLWS)
t he -ehniegrhgy | aser with integrated optical dazz
and

T the High Ener-fS§SCMaBrogCamntdELCAP) .

February 24, 2016, p. 15.

15 Source: Navy briefing to CRS and the Congressional Budget Office (CBO) on SNLWS pragrid7, 2018. For
additional discussion of LaWS, see U.S. Naw&. Navy Program Guide 2@01pp. 180181, which refers to LaWS as
the SSEQRC (solid state lasérquick reaction capability).
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Figure 2.LaserWeapo n System (LaWS) on USS Ponce

As

Source: Navy photograph dated Novembe7l 2014, accompanying David Smalley, 0
Shipboard Laser Op NavnaNewssSenitecembenld,i2@ls, acGassed August 12, 2615,
http://www.navy.milist_all.asg@=84805

shdowrgGifer st threeiaeatfoded abowbaar éeéhe Navy ¢

Laser Fami I(NF Loof@ JSey sfteernmrst h NFLBEBg8tbher Rughedwhnzied
Hi gh Enerlggleffdsoeart ,( R s Aiso wa lcsoonfpsl be@welsdd 6 r t he
Navwy | aser devel opment approach, NFLOS and HELCA

by
a s

An

other parts daftheD@R,v ed o mtat taspapop derutl @rOE,r smared e
SNLWS I ncrement 2 and SNLWS Increment 3.

October 29, 20109, press report states

The Pentagon is pushing to double the power output of lasers, to over 300 kilowatts, so
they can defeat a threat found in arsenals from the Russian army to the Qlanese
Iran: cruise missiles.

AThe current technol ogyy5fokw #s$asssousaées iFs aink tP

a senior scientist at the Office of Naval Researc
other elements of a laser weapon édind v e t h e m i the targeting, fthe cobling,

the beam contréliwe sti ll dondt have enough power. [|tbés a
makes sense to [approach] it in a joint fashion, ¢

is leading a joint DoBwide initiative to scale up power levels, because we all need more
power . 0¢é

The Navy, which wants |l asers on its ships, i's prc

ability to take on cruise missildd 6 d say that is the predominant goal
effort s éusing |l asers f-ohi phépuided emisésialgas nGtPatner k

iwe talk

ad nauseam about power ébecause itods the
said. #fAltods

certainly necessary but not sufficien
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AWe need t o umddarss thaend etrh os ePettaerr ki n continued,

of a | aser weapon is precision, and the disadvant

a hitto-kill missile like the modern Patriot will just crash into the target and smash it, a
laser beam fouses precisely on a specific spot on the target and burns through. If you pick
the wrong spot, you might not damage anything vital. If the spot you picked is tougher than
your intelligence reports or your computer models said it was, you might not dghenou
damage in time.

Thatdéds a particularly acute problem with superson

already reinforced to survive the heat of friction from their rapid progress through the air.
That makes these kinds of cruise missiles largalyune to a laser shooting them from

dead ahead. Itéds much more effective for the |
the side, which in turn means the | aser shoul
but nearbyi for example on an esding warship.

Thatds why the service envisions its Surface

stages, Peterkin said:

- Increment 1 is the 60 kW HELIOS laser being installed on ships to destroy
drones and cripple small attack craft;

- Increment 2will ramp up the power enough to take side shots against cruise
missiles, so a ship with it installed can use it to defend other ships nearby, but not
itself; and

- Increment 3 will be still more powerful, able to burn through the 1cose in a
headon stot, allowing a ship with it installed to defend its&if.

Figure 3. Navy Laser Weapon Development Approach

Navy Laser Weapon
Incremental Approach

Surfoce Novy Laser Weopon
System Increment 3

Other Service, Agency, and

0SD Technology Initiatives
ROT&E Efforts

Surfoce Navy Laser Weopon

. System Increment 2

HEL C-ASCM Project (HELCAP)

Increasing Fleet Capability

| Navy Laser Family
of Systems (NLFoS)

Opticol Dazzling Interdictor,
Navy (ODIN)
Solid State Laser - Technology
Maturation (SSL-TM)

Ruggedized High Energy vestigation of
(RHEL) Atemate Liser Design /
\— =

DISTRO A - Cleared For Public Release - #43.5233-19

1

Source: Navy briefing slide provided by Navy Office of Legislative Affairs to CRS on May 6, 2019.

Sydney J. Aasere T Kikk Crigse MissileSougit By Navy, Air Force, Army Breaking Defense
October 29, 2019.
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2218,

The dawwd@2bhet submi ssSiSdn Tetcdtneod otglyaltMatt tue at i on
program

is developing an integrated Laser Weapons System Demonstrator (LWSD) that will be
installed on[the amphibious shipUSS Portland (LPE2 7) dur i ngSSETW™ 2019 é.
will provide a new capability to the Fleet to address known capability gaps against
asymmetric threats (UAS, small boats, and ISR sensors) and will inform future acquisition
strategies, system designs, integration architectures, and fielding plans for laser weapon
systens !’

The Navy announced in January POrit8fUtmtetr itthei nt er
Navsy FYDU2Yhet s ubemi demonBdrrtalts rotdho ocnont i nue t hr ou(
FY2022, and thei sytsalelmed si' oe drel yfeFY2023.

Indusamy ted by BAE Systems, Northrop Grumman, a
to devnellogsd® h a beam power of up to 150 kW On O
that it a selected NorthfdMpcempHBmani as.t he wir

had
Fi gdire an Office of Naval Resear-tM §@P8iRgmganghict
componénis weirnestianlslteadfslochck t e dNbhagye XUSIBiapl (t he
F. FppDPén], an ol 96S8SpreaacBi gdBex roydavy graphic
il lustratiTodn sppisda®ehiet SBRoOt t.appeéar on

An October 18, 2019, bFog6pegtilridicd @deod pahot og
device the blog pobt|l asdentbéierd BsabhbposSsSed fr
San Diego foRPoritmdamad!| ati on on

r e
o n

17 Department of Defense Fiscal Year (FY) 2021 Budget Estimates, Navy, Justification Book Volume 2 of 5, Research,
Development, Test & Evaluation, NaWebruary 2020, p. 188. For additad discussion of SSIM, see U.S. Navy,
U.S. Navy Program Guide 201pp. 180181.

Megan Eckstein, ALPD Portland Wi Il Host ONR Laser Weapon |
USNINews January 10, 2018; Ri ¢ h aFedtureA bsertWegponéhxChoséady y  Amp hi bV
Fl agshi p For DefénseDAilglaridryl18, 2018.

19 Department of Defense Fiscal Year (FY) 2021 Budget Estimates, Navy, Justification Book Volume 2 of 5, Research,
Development, Test & Evaluation, NaWebruay 2020, p. 191.

20 DOD contract award announcements for October 22, 2015, accessed December 18 h2pi/Byatv.defense.gov/
NewsContractsContractView/Article/62560. S e eUS&Navg Seledis Northrop Grumman to Design and Produce

Shipboard Laser Weapon System Demonstrator Dece mber 22, 2015, accessed March 18
http://www.globenewswire.coméwsarchivaiocpresspagesiews_releases.htni210158731 See also Richard

Scott, ANorthrop Grumman To BluHS dJ ame & DI rftoar rSaStLi dreario nB e fr ear
February 2016: 5; Michael Fabayn d Kr i s Osborn, ANavy to Fire 150Kw Ship Las
Car r iSeout $Vardor January 23, 2017.

22Tyl er R MygstenoasyObjectiNorthrop Is Barging From Redondo Beach Is A-Riglier Naval Laser She
Drive, October 18, 2019.
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Figure 4. ONR Graphic of SSL-TM Laser System
Ar t i sderingof installationorNavy 6s Sel f Defense Test Shi

SSL-TM Components

Mason System Moduses

g_-i-“
dﬁl}: g Ao Coms Mkt

Laser & Boam Direcior

.(;."-.

Comvman (ragumy Fviamy
Carmvmos Ly o s wakim
A0, Gaw Denige

Lrgegy S%rage Modvie

Cor e on & - AQorcwnd Paw Pl Buwnpra - Do Dason Uatmd ot

Source: Slide from February 2016 ONR briefing to CRS on-$8Lprogram, received from Navy Office of
Legislative Affairs February 26, 2016.

Figure 5. Navy Graphic of SSL -TM Laser System
Arti st 0s installatibreon USSdPorttafd

Solid State Laser - Technology Maturation
(SSL-TM) Layout

Ot Bt o Wirmewst & Agrmdd b peb e waese Drebd oe 3 et A ted

Source: Navy briefing sl ide aMysterioup @bjegt Nartigjop TsyBargng Frého goway, 0
Redondo Beach Is A HigPower Naval Laser ®he DriveOctober 18, 2019. The blog post edits the slide to
the Navy and describes it as a oO0recent slide. 6
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Figure 6. Reported SSL -TM Laser Being Transported

Source: Phot ogr aph accomp a Nysteriogs OfjectiINerthropRoBgrging &npm Redondo

Beach Is A Hig-Power Naval Laser he DriveOctober 18, 2019The photograph is a cropped version of a

photograph printed in full elsewhere i ntHammanbl og post. T
ShoreAl oneFil ms. com. ¢

Figure 7.Reported SSL -TM Laser Being Transported

-.ﬂ e,

)3

e —

Source: Phot ogr aph accomp a Nysteriows OfjectiNerthropRsoBgrging &npm Redondo
Beach Is A HiglPower Naval Laserdéhe Drive Oct ober 18, 2019. The photograph is
Screencap.
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Figure 8.Reported SSL -TM Laser Being Transported

Source: Phot ogr aph accomp a WMysteriogs OfjectiINerthropRsoBarginvg &npm Redondo
Beach Is A HigiPower Naval Laser ©he DriveOctober 18, 2019. Th@ hot ograph is credited to 0
Hart man/ ShoreAloneFil ms.com. 6

A March 1, 26G2@t empiress report

The amphibious transport dock USS Portland (LPD 27) was fitted in the fall of 2019 with
a new, 15€kilowatt weapon developed by the Office of Naval Resedf@NR) and
Northrop Grumman. The weapon, part of the S8lidte Laser Technology Maturation
(SSL-TM) effort, is significantly more powerful than the 33 kW Laser Weapon System
(LaWS) installed in 2014 aboard the nowcommissioned afloat forward staging®ahip
Ponce (AFSB 15).

The laser aboard Portland is installed forward in the ship in a trunk structure originally
intended for a nevdiitted vertical launch system. The LPD was selected because the ship
had the space and weight capacity along with diré@astalled electrical cables to ease the
laser installation.

The SSLTM laser is in a trainable mounting with a clear field of fire forward and to about
65 degrees abaft each beam. No publicly available images of the weapon firing are yet
known, althoughhe system underwent testing last year on the White Sands Missile Range
in New Mexico.

Portland has been underway since the weapon was installed andhelonicary took part

in Exercise Iron Fist at Camp Pendleton, California, but testing of the lassquasted to

begin | ater this year. According to the Naval Se
program office in late 2018, intentions are for the Portland to deploy with the weapon later

in 2020 after tests are completed, but Navy officials declined tarootd Defense and

Aerospace Report whether that plan is still in place.
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The 2020 test program for the SSM system aboard Portland was discussed in the
Pentagondés Fiscal 2021 defense budget request sen

fi Adea testing and expermtation will be conducted with full laser weapon system
demonstrator o6 during 2020, according to the budg:é
technical performance will be evaluated in various atmospheric and sea state conductions

while conducting operainal missions and exercises. Lessons learned from operations and

maintenance will be documented to inform development of future laser weapons systems

devel opment efforts. o

It is not yet clear if the laser will become a permanent feature aboard Péftland.

On May 22, 2020, thaer tNlaavdy duasnendo usnticeecde ¥WShbDaat by di s a
UAV i nsea tagst that was &onducted on May 16, 202

#( -

The &dawyw2021 budget submission sNaves(OBBN) Opt i
effort

provides neaterm, directed energy, shipboard Coudteelligence, Surveillance, and
Reconnaissance {[SR) capabilities to dazzle Unmanned Aerial Systems (UASs) and
other platforms that address urgent operational needs of the Fleet. FY 2018 wa the fir
year of funding],] which supports the design, development, procurement and installation
of ODIN standalone units over the FYDP [Future Years Defense Plan], for deployment on
DDG 51 Flt IlA surface combatants [i.e., Flight IIA DB&L class destroyess].

The ODIN is a government designed, developed, and produced system that will provide
stand alone units for use on DDG 51 class sHips.

Funding requested for the ODIN effort for FY202]
checkout, intee@rdataitoro,n,t eaxntd amdcét aclolnattiinoune otfh eODI |
procurement , assembl y.esd¢haa khongdv al duda tt 8 ;@ maarodf opr o v i
for the operati omnttamrddo®8qust ai nment of u

A November 9, DWkd, ablpbgtegtrrphbbWwéeéPDBONavy des:t
with an apparent | aser turFriggt@rienshal bkedgianfrynt
speaued that the install ati®@nJiusymdst 202Kkel pras

that reported remar ks made byDawidsmvan o®dDIii al st
i nst a’lA amMaiygn .26, 2020,ncdruedsesd hradajpoqa@pleé t i on al

2Christopher P. Cavas, DefenaesgedersspaBepReppiiiatch i,2020San Di ego, 0

ZCommander , u. S. P a c iUS$ Rortlahd @oeductsRasdr Weapon 8ystémaDemanstratgr dest

Navy News Servicdlay 22, 2020. See also Megirc k s tVMDE®@: USSfPortland Fires Laser Weapon, Downs

Drone in First AtSea Test OSNINews May 22, 2020; Paul McLeary, AUS Warship
L a s 8megking Defense May 22, 2 0 2 0; waehohis Ship-fhouatediNbv asershaot Down a

Drone Navy Tines, May 26, 2020.

24 Department of Defense Fiscal Year (FY) 2021 Budget Estimates, Navy, Justification Book Volume 2 of 5, Research,
Development, Test & Evaluation, Nawebruary 2020, pp. 1031, 1032.

25 Department of Defese Fiscal Year (FY) 2021 Budget Estimates, Navy, Justification Book Volume 2 of 5, Research,
Development, Test & Evaluation, Navy Febr uary 2020, p. 10BdwyToBddéasaal so Joseph T
Weapons To At Least Seven More Ships In The Nextd Nears ®he Drive July 8, 2020.

%Tyl er Rogoway, AMysterious Laser Tur MetDrivAldopeenbers On US Nav!
2019.

2’Ri char d RMoreBPawerueLaser,Sysiems Are Needed, Navy Technologist S8gapowerJuly 7, 20D.
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Figure 9.Reported Laser Turret on USS Dewey
‘ " “‘ SCHR .I | ) _‘» — “
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Source: Phot ograph accompanying Tyler Rogoway, OMysterious L:
US S D eTheDRrivelovember 9, 2019. The photograph as printed in the blog post includes the red arrow
indicating the apparent laser installation.

Figure 10. Reported Laser Turret on USS Dewey
TEIF - — _

{ [ a—

Source: Photograph accompanyifipa n i e | P. Taylor, 0The ODIN Shipboard Las:¢
SeapoweMay 26, 2020The article credits the photograph to Chris Cavas.

A Febr D2y ,2 press report stated
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The newest weapon in the Navyds arsenal is a | ase
threatening surface ships. And now ités installed

The system was installed aboard the Arleigh Bialkess destroyeDewey in November,
but not announced until this week, officials with Naval Sea Systems Command told
Military.com.

Called Optical Dazzling Interdictor, Navy, or ODIN, the system is the technological
successor of the Laser Weapons System, or LaWS;kil @@att laser installed on the
amphibious transport dock Ponce in 2014. ¢

The capabilities and specifications of ODIN have been closely guarded; a NAVSEA
official declined to share additional information about how the system will be tested or
what it can doé.

fiGoing from an approved idea to installation in two and a half years, ®[&ibtall on
Dewey will be the first operational employment of the stalmhe system that functions
as a dazzlep,officials said in a news releasélThe system allows the Navy tapidly
deploy an important, new capability to the Navsurface force in combating Unmanned
Aircraft Syste®ms (UAS) threats. o

A March 1, 2020, press report stated

While the Navy publicized the [ODIN] laser installation aboard [the amphibious ship]
Portland, a similar laser weapon was fitted in more secrecy aboard the destroyer USS
Dewey (DDG 105), which appeared late last year with a different system installed during
a shipyard overhaul.

Little official i nformati on umtiBeb.2y wtieh abl e about
NAVSEA issued a release describing the Deweyds C
( ODIN) system as fda | aser weapon system that all

systems. 0

According to the release, the ODIN system was approvedrlg 2017 based on an urgent
need requirement from US Pacific Command. It was developed by Naval Surface Warfare

Dahl gren, Virginia and installed after two and ha
be the first operational employment of the stafmhe system that functions as a dazzler.

The system allows the Navy to rapidly deploy an i
surface force in combating Unmanned Aircraft Syst

ODIN is the first operational deployment of a laser dazae¥avy official said, adding
that the standlone system is equipped with a laser that can temporarily degrade
intelligencegathering capabilities of unmanned aerial systems.

Capt . Danny Hernandez, spokesman fathet he Navyds a
|l aser can fit empor a-gathering cdpalgliiea df eunmanmdd eakribli g e n c e
systems, 0 but he did not provide more information
power , l ethality and future plansé.

The NAVSEA r el e as benexbcbupls of years the ODiNvpiogramiwitl  t

have all [ODIN] units operational within the fleet providing a safer and more technically

advanced capability to the US Navy. Lessons | earn
will inform installation on futue vessels and further development and implementation of

Surface Navy Laser Weapon Systems. 0é

2%Hope Hod Jle N dak Instafied the First DreB¢opping Laser on a Destroyeblilitary.com, February
21, 2020. See also Justin Katz, fiNavy I nstal llsideLaser on De
DefenseFebruary 212020.
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ODIN is not the first laser system fitted to the Dewey. A prototype LaWS system was
installed on the shipés flight d@RKRkwasi n 2012, but
never intended to be permanent and was removed aftef%ests.

A May 26, 2080atpdess report

Earlier this year, the Navy installed the first Optical Dazzling Interdictor, Navy (ODIN) on
the Arleigh Burkeclass guided missile destroyer USS et .

ODIN took just two and a half years for the Navy to move the system from an approved
idea through design, construction and testing to actual installation aboard thedDawey
notable achievement in defense program development.

i The P a cCorhmaanderkdentified this urgent countetelligence, surveillance and
reconnaissance need, and the chief of naval operations directed us to fill it as quickly as

possible, 0 said Cmdr. David Wol fe, head of t he
IntegratedWar f ar e Systems program executive officeé.
Bradley Martin, a senior policy researcher at the Rand Corp., said ODIN is not going to be

used like laser weapons you would see in science fiction movies, but rather as something

that would scramble a unmannegla i a | vehiclebds optical sensor . UAYV
threat to attack a ship, so destroying them quick
ATypically, a UAV is not going to be used as a st
Il nstead, the | aser swoultd wayde amddrorenttual Ayocr a

loses the ability to target and navigate. Any adversary using the drone to conduct
surveillance of Navy activities would lose access to that &set.

2-+62w( OEUI O OUwhiwp' $+(. 24
SNLWSncrementall eadn HaEcLrl dOSy, ingame almy @ ginWwietgh at e d

optidaakl| esruravred | l ance. The HELI OS effort is focus
fieldingcbobhsaenedghhW!l aser (with growth potential
tering UAVs, S

r
i nt egragptoend swest em, for wuse in coun
combat identificationThrd daaryt2 0e2 1
states that HELI OS

Provides a low cogpershot capability to address Arfburface Warfag and Counter
Intelligence, Surveillance and ReconnaissancéS) gaps with the ability to dazzle and
destroy Unmanned Aerial Systems (UAS) and defeat Fast Inshore Attack Craft (FIAC)
while integrated into the AEGIS Combat System on a Flt IIA Destrfiyer Flight [IA
DDG-51 class destroyer] SNLWS provides industrdeveloped and government
integrated capability to the Fleet in as short a timeframe as possible, thereby addressing the
National Defense Strategy direction to foster a culture of innovaihWS includes the
development of a laser weapon system in the 60 kW or higher class. Competition was
utilized for system development and production efforts. SNLWS leverages mature
technology that will deliver a mature laser weapon system capabilitg fel¢let. SNLWS
development leverages the Laser Weapon System (LaWS)/Solid State Laser Quick

e
d abnuadggee ta sssuebssi Nse

%Christopher P. Cavas, DgfenaesgeiergspaBepReppiiatch 1, 2020SSeamals®Kris g o, 0
Osborn, fAN&wrRastlracsyeer Weapons Mi ght \BariorMavenyMaehrls oni ¢ Mi ssi |l
2020, which was republishedlés i s Osborn, fACoul d Naval 0 BHdypessenicMissiee The Sol utii
T h r e Matiohad InterestMarch 7, 2020.

%Dani el PThe OD#\WyShigboard Laser: Science Fiction No MofeapowerMay 26, 2020.
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Reaction Capability (SSL QRC) and Solid State Laser Technology Maturation (SSL
TM)/Laser Weapon System Demonstrator (LWSD) effétts.

ol l owing a fualiltiaomdbapend o©oommer equest p
8, 2017, the Navy on Januar$126, m2bLBonawantdedc
he devel opmeantd dmlniutdé&icit 8fedgmwbemer installatio
avy Arl ei ghlBuchkascSDBb@gi s desagseod étbgsttiheg ot her
FY20%2Tth.e contract includes options for up to 14
could increast the tontatadéalue $942.8 million.

Under teheFWaw1 budget submission, HELI OS is to
guarter of FY2021 Hdr diemsdtraolyleati amdomoa DDEG sys!
ship for fleetnteshiogghndt sué'bapgatamB&i gndeof FY2z
123hawmr 66i stenderings of HEBLOS installed on a DD

for pro

Z~rm

Figure 11. HELIOS System on DDG -51 Destroyer
Artistds rendering

Source: Lockheed Martin image takenfromL oc k heed Martin RecetoDebver $150 Mi |l Il i on
Integrated High Energy Laser Weapon Systems to U.S. Navy

31 Department of Defense Fiscal YeaiY(F2021 Budget Estimates, Navy, Justification Book Volume 2 of 5, Research,
Development, Test & Evaluation, Na®ebruary 2020, p. 1021.

32 See DOD contract awards for January 26, 2018 (Release NO1ZR 8 , J a n u a r bockleédGets$1HAn8 ) ; i

Contrad to InstallHigh EnergyLaser on a Flight 1A DD&1 destroyer NavalToday.comJanuary 29, 2018;

Ki mber | y UNadyeSeleets boodkheediMartin to Deliver Laser Energy Weapignal January 30, 2018;

Ri ¢ h ar dLockheed Martjn tdfevelop HELDSLaserWeapon for DDG 51 Flight l1Destroyey dane ds Navy
International J a n u ar yLockhBed M&tih Re®eivesftb150 Million Contract to Deliver Integrated High Energy

Laser Weapon Systemsto US.Nawy Loc k heed Mar $ydneyJFréddberg Jr. Fifst, Congbat 1L&er

For Navy Warship: Lockheed HELIQSBreaking Defense Mar c h 1, 2 DotkBeed Madir tb Dekktop h t f

Laser Weapons for U.S. Navy DestroyetEEE Spectrum  Mar ch 2, 20 1 &he NdvyWants aLasea c h man , f
to Blow Drones Outofthe Sky0 Mar ch 2, 2018.

¥Richard Abott, AHELI OS Laser ToDefrse FailyMach52L8t 419. | nt egr at ed

34 Department of Defense Fiscal Year (FY) 2021 Budget Estimates, Navy, Justification Book VdlGnfeesearch,
Development, Test & Evaluation, Na®ebruary 2020, p. 1030.
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Figure 12. HELIOS System on DDG -51 Destroyer
Detail from artistds rendering

Source: Detail fromLockheed Martin image takenfromL oc k heed Martin Receives $150 Mi

Deliver Integrated High Energy Laser Weapoh Systems
A March 21, 20109, press report states

The Navy is planning to install th¢igh Energy Laser and Integrated Optidalzzler with
Surveillance (HELIOS) directed energy (DE) system on a ED@&light IIA destroyer by

FY 2021 as it learns how to integrate laser weapons on its ships, a top official said
Wednesday [March 20].

RearAdn. Ron Boxall, director of Navy Surface Wa
plans to integrate directed energy weapons as
will, and move forward with this technology. o

Boxall said the Navy plans to instalHELIOS system on a West Coast DEBG in 2021.
iltdés already POMG@edbpiefiuthgera WestdoCohaat
onboard. Weé6ll be testing it and then putting

The Lockheed Martin [LMT] HELIOS will consist of a 6160 RV single laser beam that
can target unmanned aircraft systems (UAS) and small boats. The HELIOS is expected to
be integrated on to a destroyer for its lifetime.

35 This means that the installation has already been included in the Program Objective Memorandum (POM), an
internal DOD document that is used to guide the preparation of themgdsed budget that DOD will submit to
Congress.

Congressional Research Service 17

to U

rfar
fily e

, destr o)

it



Navy Lasers, Railgun, and Gun  -Launched Guided Projectile

The weapon will also feed intelligence, surveillance and reconnaissance (ISR) data into the
shp6s combat syst e m-UASNGGUAR)ISRvdazdler capabiltyoThe t e r
dazzler uses a lower power setting to confuse or reduce ISR capabilities of a hostile UAS.

Boxall said he is confident increased DE power outputs will come, but he is not yet
confident in integrating them into existing combat systems.

ABecause if 1 &m going to burn the boat s, Il 6m goi
shipst oday doing that mission with these weapons. An
t hatgoingt @ swor k and ités going to cover those missi

He added that if a ship has a new DE laser weapon that will both sense and kill targets,

fi t h bawe td make sure it integrates with the other things that | have on my ship that can

sense andilld namely the Aegis weapon system. And so to me the most important aspect

ofthei nt egrated | aser is its integration into my ex]i

While Boxall is confident the Navy can continue to increase laser weapon power on ship,
onemajor limiting fador is power margin.

The first HELIOS going on a destroyer will go on a Flight IIA ship, but the Flight lll as a

downside that it uses almost the same hull but focuses more power generation on the new

AN/SPY-6 Air and Missile Defense Radar (AMDR). The AMDW®I better detect air and

missilet hr eat s, but Awe are out of schlitz with regar
thatandwel on 6t have as mucho extra for additional fun

Boxall said to get a HELIOS on a DB&L Flight I, the Navy will haveo either remove
somet hing or | ook at #Avery aggressive power manag
thesuccessor to the DD&1, the Large Surface Combatant (L8C)

Last year, the Navy awarded Lockheed Martin a $150 million contract to develop two
HELIOS systems in early 2018, with one to integrate on a ElR@nd one for lanbased
testingé.

However, the FY 0619 defense authorization billdl r e
per fiscal year without first receiving a detailed contracting and adquisitrategy report.

The HELIOS will not merely be bolted on the ship, but integrated into its Aegis combat
system to direct the DE weaponé.

More recently, in January Lockheed Matrtin officials said they plan to put HELIOS through
a production design reviewn 2 (%1 9 é .

A January 13, s2@2®,d press report

The Navy will put a laser weapon on a Littoral Combat Ship for the first time this year,
amid efforts to boost the LCS6s |l ethality and to

USS Little Rock(LCS-9) will receive a laser weapon during its upcoming deployment,
Commander of Naval Surface Forces Vice Adm. Richard Brown told reporters. The ship
will likely deploy to U.S. &' Fleet, where sister ship USS Detroit is currently operating.

USNI News unédrstands that Little Rock would be taking on a Lockheed Mantide
150-kilowatt high energy laser, as part of a risk reduction effort between the company, the
Office of Naval Research and the Program Executive Office for Integrated Warfare

BRI ¢
Daily,
Dest
Dest

21
2020, Del i v e ringideiDafengta Maz 021, @

h Abott, ANavy To 6Bur
March 21, 2019. See a
r dSNeNewso Mar ch 20, 2019
r oy e rPopulsr M8cBadids, Mar c h

The Boatsd With Lbefeese For Dest |
am LaGr onenstallatdireong Ready to 0O
e Mizokami, AfThe Navy Pl ans
19; Justin Kat z, AHELI OS Set
9 ; Mar c Sel i fBgsedLaserin US Navy T

n
S

o S
Kyl
, 20

01

Ef f Shephard MediaMay 8, 2019.
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A M

Systems. The &rt would contribute to a larger layered laser defense effort, a source told
USNI News.

The laser weapon would aid the LCS in its surface warfare mission to couriattdakt

craft and unmanned aeri al systems and detect inco

A source toldJSNI News that, because Lockheed Martin makes the Fregddent LCS,
it was able to design its 150kw laser with the right interfaces and margins in mind to make
it compatible for this kind of atea LCS demonstratich.

arch 9, 2020, abODucoeoemeadt awar d

Lockheed Martin Corp., Baltimore, Maryland, is awarded a $22,436,852 letter contract for
the integration, demonstration, testing and operation of the Layered Laser Defense (LLD)
weapon system prototype onboard a Navy littoral conghép while that vessel is
underwaye Key areas of work to be performed include development of a prototype
structure and enclosure to protect the LLD from ships motion and maritime environment
in a mission module format; system integration and test witrerpoventfurnished
equipment; platform integration and system operational verification and test; systems
engineering; test planning; data collection and analysis support; and operational
demonstration. Work is expext to be complete by July 20281.

h

C

On Jraywukl, 2021, it was reported that Lockheed
t he Navy f or i rmbslt aFllliagthitolnaltom rdaei s DZ0y2elr, and t hat
found that the system i sdecfaegpnashed eled.frenpro wif dit mg 1B d
which it is installed) but also some degree of
ar é%)
1 $ + n /
The &d8awyw2021 budget shbemHELICAP sef hbes that

will expedite the development, experimentation, gnéion and demonstration of critical

technologies to defeat crossing ASthip Cruise Missiles (ASCM) by addressing the

remaining technical challenges, e.g.. atmospheric turbulence, automatic target

identification and aim point selection, precision targgatking with low jitter in high

clutter conditions, advanced beam control, and higher power HEL development. HELCAP

will assess, develop, experiment, and demonstrate the various laser weapon system

technologies and methods of implementation requiredefeal ASCMs in a crossing

engagement.

HELCAP will leverage the knowledge gained in the Navy Laser Family of Systems

(NLFoS) efforts:

- Alternative Laser Sources for higher powers, also known as the Ruggedized High Energy

Laser (RHEL) activities;
3’Me g an E cLitaral @oimlvat Ship Will Field Laser Weapon as Part of Lockheed Martin, Navy TSN

News January 13, 2020.

%Department of Defense, iCont r ac t IsockiieedrMamiraNals 822 ®ijlion2 0 2 0

Contract For Layered Laser Defense Prototype On,LO8fense DailyMarch 16, 2020.

¥See

for e x a mpLbckheed Rartn beliveis HELIOFo Niavy, Boasts Additional Capabilitybefense

Daily, January 11, 2020; a s o n S hoekhemd HELIO& Laser Shows Early Potenfial Area Defense;

Exceeding Ship Sebefense Objective thside Defense January 11, 2 Do2kheed N&Ena p ower
Delivers HELIOS Laser Weapon System to Navy for TestiBgapowerJanuary 11, 202Ed Adamczyk

Martin Delivers HELIOSLase'We a pon t o White8 Preshllateryationalanuary 11, 2021.

Congressional Research Service 19

St aff

fiLockheed

.0 See



Navy Lasers, Railgun, and Gun  -Launched Guided Projectile

- Solid Sate Laser Tech Maturation [SSIGM] activities that provides initial key
enabling technical solutions in high power lasers and beam control, and will provide
opportunities for single ship operational and sustainment learning;

- Surface Navy Laser Weaponssgm Increment 1 (SNLWS Inc. 1) [i.e., HELIOS] project
that provides the initial combat system integration and installation knowledge for Aegis
platforms, and mulship battle force operations knowledge; [and]

- Optical Dazzling Interdictor Navy (ODIN) &t provides CountelSR technical and fleet
operational knowledge.

This leveraged knowledge and new HELCAP technical solutions to-%k®&@M problem
will enable a fully informed decision to rapidly field an integrated, fleet ready, HEL [hjigh
energy laserfVeapon°

The Navyds FY2021 budget soubimvistsi e ishnaltedetimadarp
an OSD 300 kW+ |l aser source for trandport and int

Under tdheFWaWw1 budget submissi@nabilemondéraci oa
defeat ASCMs are to occur i FYRI&®3second through

11 OEPODPOT w#l YI OOx Ol OUw"T EOOI 611 U
0

I n addition t achiemdinmgi rmg ghewv e Ibemmemte waghyss!, | eng
SSLs include, aanloinmgg ottthhersy hitienmgsr,ugnged enough fo
making the beam diirkectpar t( toHfe tthel d asepe t hat sen
target) suitable for use in a marine environment
onuégment), and integr@tiehg@gctheécayspoeomeirntsgstlee

system. A JanuaryaetB3hord&fShycletl e peavparl@cgreasne ar ¢ h
of ficer &G8BLtheodaam states the foll owing:

In the near term, amy challenges remain to develop and operate &ighgy laser systems

in the maritime environment that are unique to the Navy and Marine Corps. Among these

challenges is dealing with the heat generated as power levels increase. A second issue is

packing sifficient power on the platform, which will require advanced battery, generator,

power conditioning, and hybrid energy technologies. Current laser technologies are

approximately 30 percent electrically efficient. Corrosion and contamination of optical

windows by shipboard salt spray, dirt, and grime also are technical challenges. In addition,

atmospheric turbulence resulting from shifting weather conditions, moisture, and dust is

problematic. Turbulence can cause the air over long distances to act lile eekulting

in the | aser beambs diffusing and distorting, whi

Much progress has been made in demonstratingdnighgy laser weapon systems in the
maritime environment, but there is still much to be done. Additional advantesew
required to scale power levels to the hundreds of kilowatts that will make ]bigdfgy

lasers systems robust, reliable, and affordable. Higher power levels are important for the

40 Department of Defense Fiscal Year (FY) 2@get Estimates, Navy, Justification Book Volume 2 of 5, Research,
Development, Test & Evaluation, NaWebruary 2020, pp. 1041012. See alsbepartment of Defense Fiscal Year
(FY) 2021 Budget Estimates, Navy, Justification Book Volume 1 of 5, Redeavefopment, Test & Evaluation,

Navy, February 2020, p. 415.

41 Department of Defense Fiscal Year (FY) 2021 Budget Estimates, Navy, Justification Book Volume 2 of 5, Research,
Development, Test & Evaluation, Na®ebruary 2020, p. 1012.

42 Department of Bfense Fiscal Year (FY) 2021 Budget Estimates, Navy, Justification Book Volume 2 of 5, Research,
Development, Test & Evaluation, NaWebruary 2020, p. 1020.
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ability to engage more challenging threats and improve the rat@aage at which targets
can be engaged.

The programs managed by ONR are addressing these remaining issues while positioning
this important warfighting capability toward an acquisition program and eventual
deployment with the fleet and forég.

Skepti ane ss mmdtei t hat -epnreorpgoyn emtlsi toafr yhilgghser s over

umerous predictions about when | asers might

re vulnerable to what might be called cold

S0 0 T ST W= S

~ &
c O
o
2

EUDPOI wmp&+ &/ A

, 1 &

he Navy since 2005 has been devel opi
hemi cal propellants (i.e. *l guiEpMRSdaeer
reated by high electrical currents a
ctil
ts

ing M
tchafd
ccel e
ails to launch proje e oat rloumed d/s Mafc]h
4 at “telel EBE&dr MR i pewenvefrmadm thecs mii

he Navy originally began developing EMRG as

4 ~N~"o0o0 -+ &

supporting U.S. Marines operating ashore, but

ent

epeatedly have not come to passs.,, \Wikeewitnigc st hhiasv er
ometi mes- otkatngdll gskeabanre Xowpamar al iwadlisshseeirfl Ut bree
roponents acknowledge the record of past wunfulf
ow changed becauss ionf S Slpitde cahdnvoalnocgeymeanntd a s hi f
mbitious goals (supbwas desetspiag megatwvating t
undreds of miles) to more r epdwesrt ilcasgeorad sf orsuct
ountering teahgeta Bewnmi mes g. Laser proponents
pl at
ot sit on dabuhtoti tplwaitlel angoati nsi t on a cold pl at e,

E O UIOD®ER W1 EDOT W Okuep& EWOLT | Ew&UDET Ew

S L

potieanlt f or def endwhigc la gsati mern g tmi efsMRIGeMavy i nter esH

vievel d ment

43 peter Morrison and Dennis SorensoDeveloping a HigkEnergy Laser for the NayyButure Force January 23,
2015, accessed August 13, 2015higp://futureforce.navylive.dodlive.m201501high-energylaser/ The authors are

identified at the end of the postfao | | Bewser iMorri son is the Office of Naval

Na v y 6 sStaBddsér drogram. Dennis Sorenson is a contractor with the Office of Naval Résearch.

44 Because it uses electricity rather than a powder charge to ace¢terairojectile, Navy officials sometimes refer to
EMRG as a launcher rather than a gun or cannon.

Re ¢

%Grace Jean, Awith a Bang, Navy Be g NavsNewWseSsrvickebnuaryy EM Rai | gun

28, 2012, accessed August 12, 201 Hitgt//www.navy.milsubmittisplay.asp&tory_id=65577
46 The speed of sound in air (i.e., Mach 1), varies with altitude; at sea level, it is approximately 761 miles an hour. See,

forexampl e, the table entitled fASpeed of Sound at Different |

http://www.fighterplanes.conjétmachl.htm

47 Unlike SSLs, however, EMRG is not a directed energgpon, because it achieves its effects by firing a physical
projectile at the target, not by directing electromagnetic energy at the target.

“For an article discussing the use of EMRG in countering A

Gunsdb Fight Ballistic and USNIpNevsJanoaryi5c2018lilngespohse te SeStiary2d3o0RF | , 0

the FY2012 National Defense Authorization AtR. 1540P.L. 11281 of December 31, 2011), the Navy in
September 2012 submitted to the congressional defense committees a report on the EMRG development effort. (U.S.
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The Navy is conti nuBNRG dbeuvte liotp niesn tu nanobrdka Fo nwnhen p
EMRS&S will be instaThesl NeWwWyNal ybwdgeets submi ssi on
million in FY2021 f oEMR®nNkutnuckdade denvetl opppneear otfo

additional dev eElMRGmMme nRYRNOR2WRI5ng f or

Following tesbsiwitt EMKR&Gr doy dvdldyw yfpiersded ht he devel o
t wo i mdiidttr WMRG prototype demonstrators, one by
General AFoogu@eaHi(gékpe

Figure 13.Industry -Built EMRG Prototype Demonstrator
BAE prototype

TN

/
e

| BAE 6YSTEMS IE e

Source: Navy photgraphd at ed July 8, 2014, associated Romth Office of
Research to Railgun: Revolutionary Weapon at Future Force EXB&vy News Servidanuary 13, 2015,
accessed August 12, 204 http://www.navy.mifubmittisplay.asgfory_id=85166

The two-bumdastprypytotypes are designed to fire pr

megaj BwHiesh i s enough to propeill’®sSpcbhj eangkse 50
mi ght refer to using the EMRG for NSFS missions.

Navy, Electromagnetic Railgn System: Final Report to the Congressional Defense Commiiegisst 2012, with
cover |l etters dated September 18, 2012. For a press report
AiStackl ey: Navy | denti filegsunF dDwerv diisaegherbaygiNpvemiddnul®, @012)s To Rai

49 Department of Defense Fiscal Year (FY) 2021 Budget Estimates, Navy, Justification Book Volume 1 of 5, Research,
Development, Test & Evaluation, NaWebruary 2020, pp. 412, 414. See also Jaree Kell AfThe Navyds $500 Mi
Ef fort to Develop a Fut ur i Bskiamd PRmsedprd 24n2020s Goi ng Nowher e Fa

°The Navy amegajodssis atmeasuremant of energy associated with a mass traveling at a certain velocity.

In simple erms,aon¢ on vehicle moving at 100 (OffcdofdagauResearch®ubitagaj oul e
Af fairs, ANavy Sets New Worl d Recor dlaw News Seit&ecemeo magnet i ¢
10, 2010, accessed August 12, 2(dtHttp://www.navy.milsubmitblisplay.aspStory_id=57690Q)

®Grace Jean, AWith a Bang, Navy Be g NavsNewWseSsrvicgebuaryy EM Rai | gun
28, 2012, accessed August 12, 201 Hitgt//www.navy.milsubmittisplay.asp&tory_id=65577
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pl ace at mucHhlWhsehdNatvgr bregrmgmpe vjabuatingrohetywesi |
201 2.

A Febrwuary 27, 2017, press report stated tha

a new full and open competition is in the works for the railgun. While the Office of Naval

Research and several companies will continue their development of the railgun and

projectile, [Naval Sea Systems Command spokeswoman Christianne] Witten said the

program office is planning to hold a new competition for the technologies prior to them

entering the engineering and manufacturing development phase of the acquisition process,
known as fAimilestone B. 0

AThe railgun acqui si tdiloonc kperdo girnabm twoi | plr oapvroii edt abreyi nsg
key system components, o Witten wrote. Alt is the
competition that ONR initially held for the subsystems of pulse power, barrel technology

maturation and projectiles. Anotherund of system full and open competition is planned

at mil estone B. O

Figure 14.Industry -Built EMRG Prototype Demonstrator
General Atomics prototype

Source: Navy photograph dated July 8, 2014, accessed August 12, 201tf:Atvww.navy.milfiew_image.asp?
id=180994

A July 21, 29tdteg¢rtebes f @lploowi ng:

The U.S. Office of Naval Research (ONR) is proceeding in its electromagnetic railgun
research anéxpects to reach a capacity of 10 rounds per minute with a 32-ddedm
muzzle launch for each round, officials said Thursdaly 20]

2Justin Doubleday, fAlLaser, Rail gu@f i nwe thetNavyFEhruarg si t i oned t
27, 2017.
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Dr . Thomas Beutner, depart ment head of Code
Weapons Department, told reporters tiat railgun research is going well and has made
several scientific advances.

Tom Boucher, program officer at Code 35 said the ONR S&T program calls for a
maturation of achieving 10 rounds per minute at 32 megajoules by fiscal year 2019. To
reach thagoal, ONR is building a series of barrels and incorporating lessons learned. They
will achieve the full reprate and muzzle energy in 2018 and in 2019 demonstrate the
longest life of a barrel at that muzzle energy.

After reaching these goals the S&T pontiaf the program should be complete. Separately

the Navyds Program Executive Office Integrated

shipboard integration if the Navy decides to do that and that office will make any-follow
on acquisition decisions, Bouatsaid...

ONR 06 s-rate eomposite launcher, which can repeat launches quicker than other test
devices, will be able to achieve the 10 roymetminute rate the program seeks by later
this summer. ONR plans to gradually ramp up this launcher to higheateepnd energy
levels through the end of the year, Beutner said.

He also talked about how ONR has demonstrated the ability to use pulse power, having
fired 5,000 pulse shots. For the negte firing, ONR has to use a larger energy farm or
capacitor baseesulting in pulse power using over one megajoule per cubic meter energy
density.

35

Wa

AThatdéds an i mportant scientific advance in ter ms

even more important thatoés a si zembatantst or t hat
and future comb&&tants, o0 Beutner said.

A March 9, 2018t herfewslsl owiprogt st ates

Following a flurry of reports in December predicting the Nawb500 million
electromagnetic railgun experiment was dead on arrival, the chief of Naval Operations told
lawmakers this week that the death of the program was greatly exaggerated.

Ai[f We are] fully invested in r aialdsprutaidthewe cont i
House Appropriations subcommittee on defense during a Wednesday hearing on Navy and

wi |

nue

Marine Corps budget issues. AWe've demonstrated

ranges. Now we have to do the engineering to, sort of, crankitdiget it at the designated
firing rates, at the 8Gdo 100mi | e r ange. 0.

Business Insider reported in December that the Penba§trategic Capabilities office

was shifting research efforts from the railgun, which uses electromagnetic energy to shoot
large projectiles at speeds of up to 4,500 miles per hour, to broaderghiglity projectile

study.

The Navy has never acknowledged a loss of interest in railgun technology, however. Last
July, officials with the Office of Naval Research told reporteed the power behind the

gun would be increased to 32 megajoules over the summer, giving the weapon a range of
110 miles....

BRI ¢
al so

2017.

hard Abott, ANavy Rail gun r es e aDeferise DRityJulRZ1a2017. S8&e0 Round s
Hope Hodge Seck, AThe Navyb6s Rai | Defense®July21,Get Faster,
2017,Patri ck Tucker, AfThe US Navyods Rai |l ghefens®Onefagistyr ou g h
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While Richardson acknowledged the challenges and said Navy brass fivee
conscious of reported Chinese achievements in railgechnology:* he maintained the
service was still invested in the progrém.

& +&/

YZ>Y'Z

As the Navy was devel opgunigd eedgRoxe]ignegt et epbdzedrt he
EMRG which wépghgdabpabldstbi2he @d-mn&hd5ninfpowder

gurh.en fired Hea opm cEjdErdBllyipleer vel oci ty (,and., Mach
thus came to be known as the hypervelocity proje

hen fired from a Pplowes gquincklphe Iputhjematfiidree dgqui c
rom EMRG awdhcirteiacsndt hoer iNgai vnya | concept was to use
or both pEMRE@ Bamdinmi ght stidtlhedeMadwye now dot athead
he -shpiegehd projectile fired fardimf pewdldr glmeotshe mit g h
f thestehe eslpsegends ,pr oj ectil e for powder guns, whi
ow referred to -bgunbeedlagyi dedtpeojgeatil e (GLGF

54 Press reportstartingin late Januar018 stated that China is developing an electromagnetic railgun, and has
installed vihat observers speculate may be a prototype version of such a weapon on a Chinese amphit8ees ship.
CRS Report RL3315% hina Naval Modernization: Implications for U.S. Navy Capabil@i@&ackground anddsues
for Congressby Ronald O'Rourke

Ho pe Ho d dNavydullydrivestedin Futuristic Railgun, Top Officer Saysblilitary.com, March 9, 2018.

See also Joseph Trevithick, #fADepite What YoDdcyvRoveHeard, The
| t TheDrive February 14, 2018; Jared Kell er, AiThe Nemkwyds EIl ectr
and Purpose February 16, 2018; Doug Tsuruoka, i TNetonaNavy | snét G
Interest February22, 2018.

%Source: BAE Systems datasheet, AHVP Hypervelocity Project:
file:///IC:/Users/rorourke/Downloads/baes_ds_HV&design_digital.pdf The dat asheet states that B
integrated launch package is 26 inches long and weighs 40 pounds, and that the HVP flight body contained in the

integrated launch package is 24 inches long and weighs 28 pounds, includipgud payload.

The Navy stated in 2014 that HVP weighs 23 pounds; see Dav
Ti mes t he SpGB8 News(&neBsacoanpAgril © 2014.

BAE Systems states that HVP is 24 inches long and weighs 28 poundding@ul 5pound payload. The total length

and weight of an HVP launch package, BAE Systems states, is 26 inches and 40 pounds. BAE states that the maximum

rate of fire for HVP is 20 rounds per minute from a Mk 4i&h gun, 10 rounds per minute from tHg5Imm gun on

DDG-1000 cl ass destroyers (called the Advanced Gun System, o
firing range, BAE Systems states, is more than 40 nautical miles (when fired from a Mk 45 Muoch2Zybin), more

than 50 nautical mils (Mk 45 Mod 4 Snch gun), more than 70 nautical miles (155 mm gun on EIDQ0 class

destroyers), and more than 100 nautical miles (EMRG). (BAE
accessed August 14, 2015hép://www.baesystems.coddwnloadBAES_1785031ypervelocity-projectilehvp-

datashee}

In July 2015, the Navy issued a request for information (RFI) to industry for the fabriochtigerototype EMRG

mountcapable of handling an integrated launch weight package of 22 kg, or about 48.5 pounds. (RFI for Fabrication of

Prototype Mount for Naval Railguolicitation Number: NO00245-R-4132 FedBizOpps.gov, July 29, 2015. See

alsoJusi n Doubl eday, ANavy Devel oping | nihsedgtheaNawldly3Wount For EI
2015.)

57 The Navy states that

The terms HVP and GLGP are both still used. Hyper Velocity Projectile (HVP) is the term used in

the current developmentppo gr ams t hat [ DOD&éds] SCO [ Strategic Capabili
naval Research] ONR have ongoing with BAE Systems. Gun Launch Guided Projectile (GLGP) is

the term that describes the future acquisition program and the associated performancatgpecific
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The &awyw2021 budget submission states that

The Gun Launched Guided Projectile program leverages Hypervelocity Projectile (HVP)
technology developed under each of the respective Strategic Capabilities Office (SCO) and
Office of Naval Research (ONR) Future Naval Capabilities (FNC) programs to provide
gun-based AntiShip Cruise Missile (ASCM) defense. Ghased ASCM defense
capability increases both slbipgreapon capacity against ASCM raids and battle persistence

in successive ASCM raids. The performance improvement is achieved without relying on
Vertical Launch System (VLS) cells for weapon deployment. This effectively deepens the
shipd magazine for raid defense and supports larger allocation of VLS cells to offensive
capability. In addition to improved capacity and battle persistencepased ASCM
defense solutions provide a cost effective response to an ASCM attack due to the unit cost
of the projectile relative to missiles.

The introduction of gubbased ASCM defense for large caliber guns is made possible by
recent advancements in microelectroniosnsers, and energetic systems that enable
precision guidance and tailored lethality. GLGP incorporates these HVP technologies into
an aerodynamically streamlined scéliber airframe to achieve a highly maneuverable
projectile. When launched from the MK @un Weapon System (GWS) at high velocities,
GLGPS kigh maneuverability combined with high kinetic energy at the intercept yields
effectiveness against ASCMS.

As noted eadalni ers,t i @GlaGR dh aumint 2 rl &cbuor uettne$nst5 , cOo0sOt .
Onedvant age of GLGPh i amd lyainst he oon whi ch it woul d

already installed on Navy cruisers and destroyer
GLGP t hr ougte gthreoyaruifsermrce, oncepldetvee | aompdnetnite o f
weapon has been integrated i nNaov yc rcuriusiesre rasn de adcehs t

t woei lbch agyodlasy Ar |l ei gh 1BurchasSDOGst r-oyehsgemch ha

Fi gidaaeli gadehow t-hamed &ii\gR.Bhows | aunch packages
t hamamed HVP conhchbugemhspabhsS5 and EMRG.

that industry will compete for. GLGP is the RDT&E [research, development, test, and evaluation]
budget program element [i.e., line item] covering all guided projectile development effort including
HVP.

(Navy Office of Legislative Affairs email to CR8ay 6, 2019.)

58 Department of Defense Fiscal Year (FY) 2021 Budget Estimates, Navy, Justification Book Volume 2 of 5, Research,
Development, Test & Evaluation, NaWebruary 2020, p. 972.

®%Sydney J. Freedberg Jr., f[A$Hi6s 9i00e BRakinghe@rsdiRudry 26, Hy per
2018; Jared Kell er, AiThe U. S. Military Has a New o6Bull
National InterestFebruary 3, 2018.
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Figure 15.Photo graph Showing HVP

Source: Navy photograph dated April £014, with a caption that reads part Rear Adm. Matthew Klunder,
chief of naval research, shows off a Hypervelocity ProjediiléH] to CBS News reporter David Martin during
an interview held at the Naval Research Laborafomyaterials testing fadyio Accessed August 12, 2014,
http://www.navy.mil/iew_image.asfa>174517

Figure 16.HVP

Source: Slide7f r om Navy briefing entitled OEl ectromagnetic Rai
Exhibition & Technology Demonstration, May 14, 2014, LCDR Jason Fox, USN, Assistant PM [Program
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Manager], Railgun Ship Integration, Distribution A, Approved for Publia&elaccessed August 13, 20415,
http://www.dtic.milhdia2014armament§¥edFox.pdf

I n September 2012, when-ntatme dc dHVPe @mts wa £ otmanouns @ r t
both BMEGpowder guns (which might stil!]l happen),

a next generation, common, low drag, guided projectile capable of completing multiple

missions for gun systems such as the Nawych, 155mm, and future railguns. Types of

missions performed will depend on gun system and platform. The program goal is to

address mission requirements in the areas of Naval Surface Fire Support, Cruise Missile

Defense, AntSurface Warfare, and other future Naval mission areas. Mission

performac e wi | | vary from gun system, l auncher, or s
design enables high velocity, maneuverability, and decreasedtditaeget. These

attributes coupled with accurate guidance electronics provide low cost mission

effectiveness agast current threats and the ability to adapt to air and surface threats of the

future.

The high velocity compact design relieves the need for a rocket motor to extend gun range.
Firing smaller more accurate rounds improves danger close/collateral damage
requirements and provides potential for deeper magazines and improved shipboard safety.
Responsive wide area coverage can be achieved using HVP from conventional gun systems
and futurerailgunsystems.

The modular design will allow HVP to be configured foultiple gun systems and to
address different missions. The hypervelocity projectile is being designed to provide
lethality and performance enhancements to current and future gun systems. A
hypervelocity projectile for multiple systems will allow for futdeehnology growth while
reducing development, production, and total ownership costs.

Research Challenges & Opportunities [include]:

0 High acceleration tolerant electronic components

0 Lightweight, high strength structural composites

o Miniature, high densy electronic components

0 Safe high energy propellants compatible with shipboard operations

d Aerothermal protection systems for flight vehiéfes

00f fice of Naval Research, fiHypervelocity Projectile, 0o Sep
http://www.onr.navy.mil-/mediaFilesfFact SheetsB85MHypervelocityProjectile2012B.ashx
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Figure 17.HVP Launch Packages
Launch packages foribch gun, 15%5nm gun, and EMRG

Source: BAE Systems, O0HypH/Pyv &bl 2c0iltdy, PRarcocjeesedteidl eAu(gust 14, 2015
http://www.baesystems.codvwnloadBAES_178508¥pervelocityprojectilefi datasheet

When fi r-iedct rponwdber guns, GLGP reportedly achiev
which is roughly half the speed it achieves wher
speed of a -icnocnhv esnhteilolri ahlg b58Tdh ifsr oins aapsparent |y f ast
countering at | east soifileheAoMehi Mk Wiatylp tshat MIs
i nch®gmidllpport various mission areas including |
capacity to y xefanarn ttticdarmedaj ésr, f ent e si @amsl] coul d expa
t he @earvyagement options agaiofst current and emer

A December 21, 2016, opinion column states the f

6lSource: Sam LaGrone, fAUpdated: Navy Researchi SNl Firing Ma:
News June 1, 2015 (updated June 2, 2015). A September 10, 2020, press report cited a speed fof Madi\g>

fired from an Army 155 mm howitz8rs e e Ky | e THe Armoyis BiglD u mifii G u nt BumhA Angmoée

(and Now They Can Shoot Down Plane®opular MechanicsSeptember 10, 2020.

62 The type of Binch gun on Navy cruisers and destroyers is called the Mark 45.

63 Naval Surface Warfare Center Dahlgren Division Corporate CommunicatDBE® SECDEF Loads HVP on Test
Range, Observes Repetitive Rate Electromagnetic Réilgiommissioning 8ries Navy News Servicdlay 8, 2015,
accessed August 12, 2015h#p://www.navy.milsubmitdisplay.asp&ory_id=-86987
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Now the Navy is acquiring rail guns that use such engrdye 15 to 25pound, 18inch
projectiles at 5,000 miles per hour. They hit with the impact of a train slamming into a wall
at 100 mil es pspeed, lewace highnergyhpeojectilés,gwhich cost just
$25,000, can radically improve fleptotedion capabilities: A barrage of them could
counter an enemyeo6shipmssiesse expensive anti

The daunting challenge posed by defense against the proliferating threat of ballistic

missiles is that it is prohibitively expensive to be prepared to inteacgparm of incoming

missiles. New technologies, however, can revolutionize defense against ballistic missiles

because small, smart projectiles can be inexpensive. It takes 300 seconds to pick up such a

l aunched missil ebds si gankad and & vectot ¢eleulateti fersi | e must b
defensive projectiles. A single Z®und projectile can dispense more than 500 tram

tungsten impactors and be fired at hypervelocity by electromagnetic energy. Their impact

forced their mass times the square of thetocityd can destroy expensive missiles and

multiple warhead§?

FigdBe a slide showi ng tthreentghmekndm b-i ¢ h apopwercati o
guns mmlpdBwder guns, and EMRG.

The first |l FhngaBke ftohe exlaimpeé-ra meldsldviBR e€ wichheb
powder guns,t stsaésx mligohEjydheva¢ Head f orStthhaet NaSSFS mi s
total -iofchhl1®urb barrels are available in the fl ee

with two guns each, and 6d® tdhestt radsyaeagsgragne h one ¢
capability, it is guided and can be used at ranc
NSFS operations, for coumtaceée ngaASEMs, ( ABdWY oope
attacking surface ships and craft)

Figife dagcratle illust-naméednHYPs hbwr ¢ -iefnclom EMRGS
guns could be used to cASUOnMse ranvda rAiSaBuvss .t arget s, i

1 —eZ>7Zce1'—1

GLGPmerged as a program of Ipaesxtpilcowliairg itrhtee rpeostte nti
using the weapon acrossAmuApriipll el 1U. S20 InG,l iptraersys ¢
foll owi ng:

The Pentagomvants to take a weapon originally designed for offense, flip its punch for
defense and demonstrate by 2018 the potential for the Army and Navy to conduct missile
defense of bases, ports and ships using traditional field guns to fire a new hypervelocity
round guided by a mobile, ground variant of an Air Force fighter aircraft radar.

The Strategic Capabilities Office [SCO] is working with the Army, Navy and Air Force to
craft a Hypervelocity Gun Weapon System that aims, in part, to provide China and Russia
an example of a secret collection of new U.S. military capabilities the Defense Department
is bringing online in an effort to strengthen conventional deterrence.

ilt is a fantast i c -|$rategg Capabilitiés Oficel direct®,csqide r [t hen
ina March 28 interview with reporters, who said th
cost of doing missile defensed by defeating missi
a consequence, imposing higher costs on attaékers.

“George F. Will, ACan Mat ty 3Wadhmdtoa PoBeeaemiger ZIL,IRO16.ugh Technol og
%The AKEO in the next |ine down means that when fired from
using its own kinetic energy (i.e., by impacting the target at hypersonic speed).

Jason Sh®©rmams ASCFIlip The Script on Mingdsihd NavyApelf ense Wit h
11, 2016.
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Figure 18. HVP Application to Various Launchers

Source: S| i de 16 from Navy briefing entitled OEl ectromagnet.i

Exhibition & Technology Demonstration, May 14, 2014, LCDR Jason Fox, USN, Assistant PM [Program
Manager], Railgun Ship Integration, Distribution A, Approved foli®&elease, accessed August 13, 2615,
http://www.dtic.milhdia2014armament¥¥edFox.pdf

[

A May 2, 2016, press report states the foll owincg
iwWe thought rail g u meslly gomg t@ go sferpbettit turnsogtthate wer e
powder guns firing the same hypervelocity projectiles gets you almost as much as you
would get out of the electromagnetic rail gun, bu
[thenDeputy Secretary of DefeeRobertWor k sai d. #AWe are going to say
administration] O0Look, we believe this is the pl a
webre going to have enough money in there for bot
powder gum.edwv Sadmifnitsheg ati on says ONo really the
the way | want to go,6 knock Yourself out, webdve

6’Scott Maucione, fADoD |Is Setti ng FederalNéws RaljiMayr2d2016.f f set f
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Figure 19. Navy Slide Depicting HVP Operations Against Various Target Types

Source: Slide5f r om Navy briefi ng entdNDIA ot Adrarheats Foum,magneti ¢ Rai |
Exhibition & Technology Demonstration, May 14, 2014, LCDR Jason Fox, USN, Assistant PM [Program

Manager], Railgun Ship Integrati®istribution A, Approved for Public Release, accessed August 13, 2015,
http://www.dtic.milhdia2014armament¥¥/edFox.pdf

A May 5, 201s6i,migraendl sysr ¢ her tf ol | owi ng:

Come January [2017], the Pentagon will almost assuredly have new leadership, complete
with a new vision for how the Department of Defense should operate, organize and plan
for the future.

It 6s a r e a lthetr]pefehse Secratary AdhoCarter dtitery] Deputy Secretary

Bob Work as they try to complete a transformation at the Pentagon, one which both men
have said is vital to making sure the US is able to maintain its technological edge against
great powers like Russia and China in the future.

fi @e of the things we have done in our program is build in a lot of different options that
they(i.e., officials in the next administratiogla n p u | | |l evers on, 0 Work expl

As an example, he pointed to the idea of an electromagnetic railgun. InMi&dhk and

his team thought that was an area that would be a major focus of development, but as they
experimented they realized that a powder gun with a hypervelocity round could have
almost the same impdctut at a fraction of the cost, because it did remuire the
development, testing and adaptation of a new gun.

AWedre going to say o6l ook, this is the place wher
but webre going to have enough money in both the
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gunthatifthenew admini stration says 0l really want the

the way | want to go,06 knock yourseff out,
A May 9, 20 1s6t,a tperse stsh er efpoolritowi ng:

[Then]Deputy Defense Secretary Bob Wosdidslast week that current Pentagon leaders
have made investments intended to position the next presidential administration to offset
expected Russian and Chinese technological advancements, specifically highlighting
lessons learned about a new hypervéjogin.

Work... said one of the key findings to emerge from the effort was the Hypervelocity Gun
Weapon System, which he said could be poised to displace much of what the Defense
Department had planned to invest in the Negfectromagnetic rail gun.

0

i Wéhought rail guns we going to be somethingweer e real ly going to

said, adding that #iarecdpable ofdiringtlhietsante praojectilep,0 wd e
at the same velocity, for far less c8%t.

A July 18, 2d9td&@theep f ®d d orwe pmar: t

The Pentagonés office tasked with tweaking
for new uses is pushing development of ammo meant for the electromagnetic railgun for
use in existing naval guns and artillery pieces.

Aboutyearandd al f ago, researchers at the Pentagonds

inside the service realized that there was more gbort promise for not only the Navy

but the Army to use the Hyper Velocity Projectiles (HVP) rounds overseen by the Office
of Naval Research (ONR) in both services existing powder guns, [Had]SCO
[Strategic Capabilities Officdjead William Roper said last week.

iTo me they were just interesting test art
input and us funding soe highrisk demonstration we now think that we can do pretty

revolutionary things with existing powder géns hi nk howi t zer s, Pal adi

fivei nch guns. Webdbve shifted emphasis to tha
the Center for Stratégand International Studies (CSIS).

ANot that wedr e move ard butikyolelmk a the delta betwaeanl g u n
fielding in quantityp we have [more than] a 1,000 powder guns, we have very few
rail guns. o

The SCQled research effort will work toreate HVP sensor and a fire control regime that
will find its way eventually to the railgun project, Roper said.

iSo when the railgun is ready to field it
launcher as opposed to being a great techydiogt we have to build a new architecture
for,o0 he said.

iWebre going to take the bet and | etbs see
paradigm of fMissile defense. o

A September 19 ,st2alle6s, tphree sfsolrleopno rntg :

After much deliberation, both public and private, the Pentagon, which has shifted emphasis
away from the electromagnetic rail gun as a +gtteration missile defense platform, sees

88Aaron Mehta, fAPentegpgodrmiNad. OF:f skkdw God nkddfense NewdlayN e x t
5, 2016.

r

t

Wor k

go af
gunso

exi sti

St

cl es

ns, t
0 Roy

Admi ni

®Tony Bertuca, A Wor k: New Hypervelocity GhngidetBeoNalyd Di spl ace

May 9, 2016.

“Sam L a @emtaga:; NewiRounds For Old Guns @oOhange Missile Defense for Navy, Arm@SNI News
July 16, 2016 (updated July 19, 2016).
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a new hypervelocity powder gun technology as the key to demonstratinoential
adversaries like China and Russia that U.S. military units on land and sea can neutralize
large missile salvos in future conflicts.

filf you do that, you change every 155 [mm] howitzer in the U.S. Army in every NATO
country into a cruise missind tactical ballistic missile defender and, oh by the way, you
extend their offensive rangdthenDeputy Secretary of Defense Robe#tprk said.

The articl eifisst agweshitrhgath afWod kt o | ay the groundwor
admi ninsttroatciomduct eacuriRd iiedd aBtyle atkewalulsd demonstrat
capabilities of the Hypervidlqoohiams GathatWMemagp onh &ty s
DOD congdwchlhegam ci se against 100 cedgdmdke warsesil es
able to convince [pOhttembil &1 tdd ke &rtithasun tthmat owéd
woul d have an enormous i mpact on the competitior
and would [clearl dptempeoVvercbevemtuiooeal hi m as
DOB model i ngi fs hwewsc amacdl ose the firétmapport wi-t
weapon would be able miosshbetrdiodwn most of a 10C

A May l,9reg884dvepestthe following:

An Army Howitzer is now firing a super higgpeed, higHech, electromagnetic Hyper
Velocity Projectile, initidly developed as a Navy weapam, effort to fastrack increasing
lethal and effective weapons to warzones and key strategic locations, Pentagjafs offi
said.

Overall, the Pentagon is accelerating developmental testing of itaddghlongrange
ElectroMagnetic Rail Gun by expanding the platforms from which it might fire and
potentially postponing an upcoming-sga demonstration of the weapoenfgon and
Navy officials told Scout Warrior.

While initially conceived of and developed for the Nawmerging Rail Gun Weapon, the
Pentagon and Army are now firing the Hyper Velocity Projectile from an Army Howitzer
in order to potential harness ngarm weapons ability, increase the scope, lethality and
range ability to accelerate combat deployment of the lethal;3pgkd round?

On November 29, 2017, the vmaslsli | Bu shDierfesnss el "PAgewneaty
Researcho( EBtl@®epdgiigopm and devel op a next generatio
war head effectivenesss/slietehtReyt Yehiga@alT ms t ( BMRY I )s.t i
closing date for the sDHhe csdlaitc¢iotna twizwasn Fetha tuead yt h

Seeling] innovative payload designs for maximizing HVP warhead effectiveness/lethality
using nonHit-to-Kill warhead technology without adding supplementary serésofiche
government is interested in next generation HVP warhead design/payload concepts for a
notional 12 mm diameter projectile. Concepts should be scalable and be able to survive a
minimum of a 30,000g gun environmént.

A January 26, 20tllBe fpalelsswirregport st ates

The Pentagondés Str at e g-irea radicag aelvimissildeflerses Of f i ce wi | |
system in less than a year.

“"Tony Bertuca, fADODO6s New Hypervelocity GlasdetieeNalynol ogy Eme
September 19, 2016.

?Kr i s OBRebtagoniqg AcdelerafRail Gun Hypervelocity Projectife Fires From Army Howitzer Scout

Warrior, May 19, 2017.

73 fiHyperVelocity Projectile (HVP) Warhead Optimization for Lethality accessed October 15, 2020,
https://www.sbir.gov/node/1413793
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AThat projectile i s being [dirceni Sphicctle HV® engage mul |
program manager at t he Penl}saagodn 6osf Sthrea tHVgRi.c fCTahpear be

may be different modes that it operategin terms of) how does it maneuver, how does it
close on the threat, and whether it engages a (explosive) warhead or whether it goes into a

hit-to-h i | | mode. Those will al/l be based on the thre
the thrseawhatdéheaw®dr e going after, t&hdas is the mod
So when will the Army and Navy actually get Hyper Velocity Projectiles? Both services
are already working with SCO to plan a handover of the program, Sabio said. His role is
just b prove the key technology works: specifically, to demonstrate that an HVP can
maneuver c¢close enough to fAan inbound, maneuvering
it if fitted with the proper warhead. Sabiobds not
i We ar eg ol thé fulldfiie ontrol loop including the sensors, the coms links, the
projectile, the launchers (i.e.) the guns, 0 he sa
to my independent transition partners, Navy and A
And by when will the demonstratin happen? @AWell , 0 said Sabi o, i my
than a yedr from now. o

A Jawyud, 2019, press report states
Last summer USS Dewey (DD®D5) fired 20 hyper velocity projectiles (HVP) from a
standard Mk45% nch deck gun i n @etgaddeewutditytpthe i ment t hat 6
weapon found on almost every U.S. warship, officials familiar with the test have told USNI
News.
The test, conducted by the Navy and the Pentagon¢

of the Rim of the Pacific (RIMPAC) 201li@ternational exercise, was part of a series of
studies to prove the Navy could turn the more thatyeH¥old deck gun design into an
effective and lowcost weapon against cruise missiles and larger unmanned aerial
vehicl esé.

While officials confirmed tdJSNI News that the RIMPAC test was unclassified, both the
Office of the Secretary of Defense and the Office of Naval Research would not
acknowledge the test when asked by USNI N&ws.

On Sept embaetr t3he 2Wh20t,e Sands Miast$V R ef iRraendy ef ri onm Nee
15m gun reportedly successfully intercepted a c¢
time that an HVP had iS5hmgrumapt end ust eld @& nt amg &tr m)

propbbiwettlreedars par i afcii @laddtithegsAidGAdvVamced Battl e
Management Sy%tem (ABMS)

“Sydney J. Freedberg Jr., f1$86, 000 +Bre&ingDefensddbPudry26, Hyper Vel
2018. See also Yasmin, iSecretive Pentagon Office Share De

(Up d at Natoha] DefenseJanuary 26, 2018.

“Sam LaGrone, fiNavy Quietly Fires 20 HypeWSNMewsocity Projec:

January 8, 2019.

“®“Ther esa AAMS Dédme Rreves ARChops For CBreaking DefenseSeptember 312020; Kyle
Mi z o k a mi iThe Ar my 6tOun® Argymorefandmbow TheynCan ShaoeDovin Plands)pular

Mechanics Sept ember 10, 2029marBtrd aBiulW. etEvRowns n@r,,udiise Mi ssil e

Force MagazineSeptember4 updat ed Sept ember A8vancedB4ditl2 Magnagéneat Systens P o p
Field TestBrings Joint ForcdogetherAcrossAll DomainsDuring SecondOnramp 6 U. S. Air Force,
2020; Chr i s tAir Force dektraysisurcbgate créimgssile in hypervelocity projectile testinited Press
International September 3, 2028Jasao Dahlgren AirfiForce Intercepts Missile with Hypervelocity Projectil®

Missile Threat (Center for Strategic and International Studies [CSIS]), Septembed3S282lsdhomas Newdick

and Tyler Rogoway TeBting Points To Relevance Of Hyper Velocity Projectile For Zumwalt Destroyer's Dormant
Guns ®he Drive September 17, 2020.
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11 OEDODOT w#1 YI OOx Ol OUw" i EOCOI O1T1 U

Remaining devel opment challenges fofi EMRGdAIi mgol v

increasing barrel tlhief orivg adpafiidceditiheVelpdwer

t he

Sy st

weapohegr at i Bine WdlLtGnt ke us Isiep.s and destroyer
5i nch amd ploSMder guns woulGdGRddbe¢iiomabeédyatreduwitl
combatssgbt & hlolsee Mdhdyptshe foll owing in 20

The Railgun INP is in the second phase of a-pliase development effort. INP Phase |

(FY 20052011) successfully advanced foundational enabling technologies and explored,
through analysisandwargda ng, t he masion gtilityn lGasncherendetgy was
increased by a factor of five to the system objective muzzle energy of 32 mega joules (110
nautical miles range) and barrel life was increased from tens of shots to hundreds of shots.
Two contactors delivered tacticaityle advanced containment launchers proving the
feasibility of composite wound launchers. Pulsed power size was cut in half while thermal
management for firing rate (repte) was added to the design. INP Phase Il focuses on
increasing regrate capability. Rejpate adds new levels of complexity to all of the railgun
subsystems, including thermal management, autoloader, and energy storage. A new test
facility capable of supporting reqate testing at full energy level is coming lore at the
Terminal Range at the Naval Surface Warfare Center, Dahlgren, Virginia. A new
demonstration launcher (DL1) has been delivered and installed at the Terminal Range to
commission the new facility. Additional repte composite launchers (RCLspahle of
rep-rate are in various stages of design and fabrication. The Office of Naval Research will
develop a tactical prototype railgun launcher and pus®gler architecture suitable for
advanced testing both afloat and ashére.

A May 19, pPpostTatepseshbhertoll owing:

Consider 35 pounds of metal moving at Mach 5.8. Ten shots per minute. 1,000 shots before
the barrel wears out under the enor mous
Navy railgun program aims to deliverinthe nextywe ar s, and t heyodr e

17:

pressur e

we | |

on

AfWe continue to make great technical progress, 0

manager Tom Boucher. Boucher and an aide briefed me in the blazing hot courtyard of the
Pentagon, which was hosting the annual D@ Dayy a kind of militarygrade science
fair.

Three years ago, thebhief of Naval Operations Jonathan e@nert declared that
railgun® which fire projectiles with electromagnmepulses rather than gunpowdehad

come so close to battteady that he wanteto testfire one at sea. Since then the Navy has
changed course, deciding that permanent-lzasbd test sites would provide more and
better data for fewer dollars than an ad hoc installation aboard a repurposed fast transport
(variously known as JHSV d&FP). So on November 17, along the Potomac River at the
Naval Surface Warfare Center in Dahlgren, Va., a nemagajoule railgun built by BAE
Systems opened fire for the firsttimeA s econd rail gun is bei
White Sands Missle Reage i n the New Mexico de-spemrt,
space to fire the weapon at its maximum range of more than a hundred nautical miles.

While White Sands tests the Ilongnge performance of the projectile, Dahlgren will work

on the weapon itselPrevious test weapons were like medieval bombards, firing just a few
times per day. The Dahlgren team is now making multiple shots per hour as they work out
the bugs, and by the end of the year they expect to reach the goal of 10 shots per minute.

Oncete y 6 v e r e aroundeadnintitéhrate, Rablgren will switch focus to barrel life.
A decade ago, experimental railguns often wore out their barrel with a single shot. With

77TU.S. Navy,U.S. Navy Program Guide 2@1p. 169.
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new materials better able to endure the intense stresses, the barrels on titetestrre

weapons can last for hundreds oftshieefore requiring replaceméntoughly how long a

battleshipds 16n barrels | asted back in World War
rounds’®

BUEOUDQPWEI w1 OOXUAuUWOE UUIT O1 OU

Transitioning military technology efforts from t
procurement phase carmBosnanenttiammeys tbeec han ocl hoaglyl eenfdf eo.r
the transition, falling intivhwhlgt 0db deratéir s s 0 me

met aphor i deltlwehebrosceaatrecch a nplh ahsmed epér opcmeapdtmesret
A Febrifuaz91l1l?2, pr ess srteaptoerst ,t hfaotr exampl e,

The Navy has established programs for keéglergy lasers and the electromagnetic railgun

at Naval Sea Systems Command acquisition directorates, paving the way for technologies
that have long been stuck in research and development to poteléatgtalled on the

S e r & shipeobe day.

The program executive office for integrated warfarstems (PEO IWS) is developing
acquisition plans for lasers and the electromagnetic railgun, as well as the &aslgun
associated weapon, the hypervelocity projectile, according to NAVSEA spokeswoman
Christianne Witten.

Last August, a 0 D rOd dwasskt aEat he ajpoveat® semgpns a
directorate within PEO IWS, Witten wrote in a Feb. 22 email. The new office was
established tdiaccelerate the fielding of High Energy Laser (HEL) weapon systems to the
fleeto according to the spokeswoman.

Addi ti onal | y, Isacguisitioh exacetive changed tHe auvapig weapons
program office at PEO IWS with developing an acquisition and fielding plan for the railgun
and the hypervelocity projectile, Witten s&fd.

(UUUI Uwl OUw" OOI Ul UU
| ssfuers Congress EMBRGaaddn@GLSBLsEncl ude the foll owi

T whether t Navy is moving too quickly, too
r

he
its efforts to develop these weapons;
ns

T the ®dlaplya for transitioning these weapons
procurement and fielding of production model

T whet her NawyshihgpbWNavgi ng plans include ships
amounts of space, weight, electrical power,
these weapons

Potentidl queasrntsiogmls for Congress include the fol!
T Using currenddfyermyvyai wadbpensa, rhow wel | coul d
ships defend themselves in a combat scenario

t hat has or could hav&dAVdge wowrhide rt hi sf mi s s

78 Sydney J. Freedberg JrNavy Railgun Ramps Up in Test Shpt8reaking DefenseMay 19, 2017.

®Justin Doubleday, AfLaser, Rai | gun PrlosgletheavyFebruarg si t i oned t
27, 2017.
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2U00EUA WOl w"

situahdmmne i f Navy surface shipSSlisn coming VyeEe
EMRG&GLGP or some combination of these systems’

How significant are the remaining devel opmen:
and GLGP? Are current schedules for developi.]

appropriate in relation to remaining devel op!
i mprovemenmiss nl esa e my

Whenesiot he Navy anticipate issuing roadmaps
and installing production versions of SNLWS,
Navy ships by specific dates?

Will the kinds of surface ships that the Nav:
have sufficient space, weight, electrical pow
advantSa&Sgasnd fEMRG? What c¢changes, i f any, woul d
Navy plans for procuring | arge surface comba:
or othdéai pNavy ¢ akeSSlainld &£MREHBNt age of

Gi ven téhei Mta@ky@R thoiwvn commi tted is the Navy to
the devel opment of EMRG and eventually depl o

~ ~

I PUOEUDPYI w BwWbYDPUawl OUw%8 1 Y
o)

Ol ULOLBaMDE OED BIUD OO

Tablsscummari zes c¢co0ngyelseNiatellyh2Dr aseiaoo hoand devel op
accdumte items (known asthprdd @& s dEldRme ntan,d drl GPE
These PheceécmmdtulNgvwlnesearch and detvled sgpment wc

- @

ffooadtdsti onal f undmawc d wrr it detah earbfPEX Pl i ci t 1y i
hati ndlewdef ofruntdhiensge ef f ort s

®For

No Extra

a press report r el at eNdvyMaking Roomsfor Radlgsins &0 Nexs\WakshipMBug an Ec kst o
| USHIeNevis Augustt2$, 200.8.
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Table 1. Summary of Congressional Action on FY20 21 Funding
In millions of dollars, rounded to nearest tenth

Authorization Appropriation
Program Element (PE) number, PE name, budget line number Req. HASC SASC  Conf. HAC SAC Conf.
SSLTM
PE 060382N, Advanced Combat Systems Technolggine 34), 11.9 11.9 11.9 11.9 11.9 11.9 11.9
Project 24®, SSETM
ODIN
PE 0603925N, Directed Energy and Electric Weapon Sy¢téme 7), 34.6 34.6* 34.6 34.6 34.6 34.6 34.6

Project 9823 Lasers for Navy applidanh, ODIN
SNLWS Increment 1 (HELIOS)

PE 0603925N, Directed Energy anddiliie Weapon SystenfLine 7), 56.3 56.3* 41.3 56.3 56.3 56.3 56.3
Project 3402, Surface Navy Laser Weapon System (SNLWS)

HELCAP

PE 0603925N, Directed Energy aBtectric Weapon System (Ling)/ 38.0 38.0* 38.0 38.0 31.0 38.0 31.0
Project 2731, High Energy Laser Counter ASCM Project (HELCAP)

PE 0603801N, Innovative Naval Prototypes (INP) Advanced Technc 29.5 29.5 295 29.5 29.5 295 295
Development (Line 26), Project 2731, High Energy L&®=mter

ASCM Project (HELCAP)

*Line 74 Increase(see narrative discussion of HASC report)

PE 0603925N, Directed Energy and Electric Weapon System (Line 0.0 88.0 0.0 0.0 0.0 0.0 0.0

Project 2731

i ncr Oreadditioha systeth

Line 74 Increase(HAC report)

0 Pr ogr ani higmenergy lasersystem for COUrHgAS 0.0 0.0 0.0 0.0 5.0 0.0 5.0
[unmanned aerial system] area defehse

EMRG

PE 0603801NInnovative Naal Prototypes (INPAdvanced Technology 9.5 295 9.5 295 295 9.5 295
Development(Line &), Project 2481, EMRG

GLGP (HWP)

PE 0603795N, Land Attack Technology (L Project 3401, Guided 6.2 6.2 6.2 6.2 6.2 14 14

Projectile

Source: Table prepared by CRSased on Nav§Y2@1 budget submission, committee and conference reports,
and explanatory statements on FY22National Defense Authorization Act and FYZDDOD Appropriations
Act.

Notes: HASC is House Armed Services CommitteBASC is Senate Armed Serds Committee HAC is

House Appropriations CommitteeSAC is Senate Appropriations Committe€ponf. is conference agreement.
These PEs do not necessarily capture all Navy research and development work related to shipboard lasers,
EMRG, and GLGP; additiorfahding for these efforts may occur in other PEs whose names and project titles do
not explicitly indicate that they are for these efforts.

%81 Y hw- EUDPOOEOQuw#I1 i1 OUIl w UUT GuBaBwwph OO L
huhatt Wt A

' OUUI

The House Ar med S$ear vitde sRepadmhifitltbasd )y K, R2020) on
6395recommended the funding I|Tawdleheshown in the
recommended increase of iO$&8 .all dmitod(opaad e fs8/ &3 )ej nk u i
it is not stated whether tadtELLCAR, t iadmhalofs whti €
funded through | ine 74, or something else. The
i s Mocel erated railgubdbPagehB6O6ldPgy maturati on
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H. Rep#4 421146 st at es:

Surface Navy Laser Weapon System Briefing

The Committee commends t he silceepsanithttmeaser of t he Nav
Weapms System Demonstrator (LWSHEpm an LPD. In addition, the Committee is
encouraged tha8NLWS Increment 1, the High Energy Laser with Integrated Optical
Dazzler and Surveillance (HELIOS) is on schedule to begin integratidnandbased

testing later tls year. In addition, th&€€ommittee recognizes that bhothe Navy and
industry have invested in this technology and understand the need to take incremental steps
since there is no orgze fits all solution. However, the Committee is concerned with both

the fragility of the supply base and that the protracted time between development, test and
installation for an asea trial will cause the Navy to reprogram outyear funding to other
needs. Therefore, the committee directs the Secretary of the Navy tthbrefmmittee

no later than October 1, 2020 on an updated acquisition timeline that illustrates its path
forward on SNLWS Increment 1 and allows for an efficient fielding of SNLWS Increment

2. (Pages 448)

Senate Ar med Ser v &3 eRsea p@e3mbiili ltbtuene, 2%4.n 21020) o1
9recommended the funding | evelTsabdfedbwn i n the
comdned reduction of $15 mifiBtdcens femgiHE.E 1OISn g na
stainme@Pageaepp0?v)] Regarding EhRadbBaBtoamtmesn:ded r

Surface Navy Laser Weapon System

The budget request ihmled $21.5 billion in Research, Development, Test, and Evaluation
(RDT&E), Navy, of which $128.8 million was for PE 63925N directed energy and electric
weapon systems.

The committee notes excess engineering and sustainment support costs for the Surface
Navy Laser Weapon System (project 3402).

Accordingly, the committee recommends a decrease of $15.0 million, for a total of $113.8

million, in RDT&E, Navy, for PE 63925N. (Page 100)
"O0O0i 1T Ul OEI
Theonf erreembtreRe pH6 10l 1bec3emhbOAMHA)R. / 3 0-88316fF
Januaryregcobihhied funding | a&wteh ar ishatwinon nc d ihfeer en
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fMAccel erat éach od wiglygum@PDEapagpe 4322 of 4517)
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The House AppropriatibnRepgdb@®ilibdelky iHE R.2820ppon

761l7recommended the funding Tallehse srheccwommniem dtehde

reduction of $6.95 millMH&ebhCAR tonmneBadend®¢7HEACATF
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increasé@i ofi®20in | i né@Pr2o6grfaomd eehMRG miesmafgoret i ¢
rai bgRage 265)

H. Rep#45s3ttdabes:
HIGH ENERGY LASER ENDLESS MAGAZINES

The Committee notes the investments by the Department of Defense in directed energy
systems capable of countering incoming threats, including the development of systems
with endless or near endless magazines to ensure capttbdiiunter salvos or swarms of

any size.

However, the Committee is concerned that while the Department of Defense has included
reference to near endless magazines in its budget justification for high energy laser
systems, it has not adequately define@ tierm in order to facilitate predictable
requirements development or guide internal investment. Therefore, the Committee directs
the Secretary of the Defense to submit a report to the congressional defense committees
not later than 180 days after the emaent of this Act, which details capabilities, cost, and
logistical implications of endless or near endless magazines. (Page 321)

’

21 OEUI

The Senate Appropriations Committee, in the expl
committee rel ela,ed2 @0 Norveanbramended t he funding
col ofimbl e The recommended reduction of $4.728 mi
f dlRest oring acquisition accountabild(tPyagep 3401 co
187)

The explanatory statement for the bild]l rel eased
(emphasis added) :

Office of Naval Research Budget Structamed Budget JustificatioMaterialsd The

Committee reiterates previously stated direction contained in Senate RepbiD316

regarding the program element structure for Navy science and technology projects. Further,

the Committee continues to believe thegjaisitiontype prototyping efforts managed by

the Office of Naval Research [ONR] require additional oversight, fiscal clarity, and

adherence to financial management practices in order to avoid the schedule and cost growth

seen,e.g., in the Solid State Laer-Technology Maturation program. Finally, the

Committee remains dissatisfied with the lack of timely transmission, as well as the format,

of classified project and budget details for ONR efforts and directs that not later than thirty

days after enactmendf this act, the Assistant Secretary of the Navy (Financial

Management and Comptroller) and the Chief, Naval Research, present a plan to the

congressional defense committees -speodificensure that

information required by theongressional defense committees for their budget review be

provided concurrent with submission of the Presid

(Page 191)
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The explanat droy DtidtiBmsoin8 B3 sof( emphasi s added) :

OFFICE OF NAVAL RESEARCH BUDGET STRUCTURE AND BUDGET
JUSTIFICATION MATERIALS

Previously stated direction contained in SenateoRepl6103 regarding the program
element structure for Navy science and technology projects is reiterated in this agreement.
Further, it is noted that acquisitidype prototyping efforts managed by the Office of Naval
Research (ONR) require additionalessight, fiscal clarity, and adherence to financial
management practices in order to avoid the schedule and cost growth seen, for instance, in
the Solid State LaserTechnology Maturation program. Finally, concerns remain with

the lack of timely transmissip as well as the format, of classified project and budget
details for ONR efforts. The Assistant Secretary of the Navy (Financial Management and
Comptroller) and the Chief, Naval Research, are directed, not later than 30 days after the
enactment of this ét, to present a plan to the congressional defense committees to ensure
that ONR's classified projespecific information, required by the congressional defense
committees for their budget review, be provided concurrent with submission of the
President'®udget in the appropriate format. (PDF pages 32D of 469)
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In addition to a | ow marginal cost opkrRirpsdh®tdand
| asienrcsl ude the foll owing:
1T Fast engagebmnegnht tfirmrens a | aser beam can reach

instantly (eliminatingt tcheurnee,d a0 tchadrcailiag ev
interceptor missiles) and, by remaining focu
cause disabling damage to the target within
| aser can be redirected in several seconds t
Abil ity to counter radiasadrgy amamefuwlelrdawgamd s s
mai ntain their beam on radically maneuvering
maneuvering capabilities of Navy SAMs.
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whil e generally not affecting (at | east not
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Potenti al slhiimibtoaairide W sacdsefrtshe f ol | owi ng:

T Line ofSiwicgeght aser |1 ight teerdss dam d&ny t hrough
essentially straight path, -oskhiigphtoard | asers
engagements, and consedquWweantil yormwotwdmdgeatod @roun:
targets that are obscured by intervening obj
engmgret ranges against small boats, which car
or tflowing targets. Even so, |l asers can rapidlI
periodic swells.
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at mo sdppheerrited cluy wat er vapor, but also things s
particles, smokedahsadrbtaed acat pet | uitglon fr
shipboard | aser, and atmospheric turbulence
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designed to emit |ight at or near those swee:
potential effectiveness. Absorption generall"
making i tl eisrs gpdnaear plot enrtanag e porpoebrl aetm o nosr tshhaomnr
for Wamger operations. Adaptive optics, which
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82The United States in 1995 ifegd the 1980 Convention on Prohibitions or Restriction on the Use of Certain
Conventional Weapons Which May be Deemed to be Excessively Injurious or to Have Indiscriminate Effects. An
international review of the convention began in 1994 and concludddyiri1996 with the adoption of, among other
things, a new Protocol IV on blinding laser weapons. The protocol prohibits the employment of lasers that are
specifically designed to cause permanent blindness to the naked eye or to the eye with corregfiveleyass. The
United States ratified Protocol IV on December 23, 2008, and it entered into force for the United States on July 21,
2009. DOD views the protocol as fully consistent with DOD policy. DOD believes the lasers discussed in this report
are comistent with DOD policy of prohibiting the use of lasers specifically designed to cause permanent blindness to
the naked eye or to the eye with correctiPRraocotonesi ght devic
Blinding Lasers ) CRSRepdrR41526 Navy Shipboard Lasers for Surface, Air, and Missile Defense: Background
and Issues for Congredsy Ronald O'Rourke
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